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PREFACE 

This report provides a limited explication of current needs for 

classifying and organizing spatial data for use in urban and transportation 

planning. 

are explored. 

In addition, requirements and methods for handling spatial data 

Mr. Dueker emphasizes the dual need for data organization 

methods and data handling capabilities, as a requisite for utilization of 

data acquired from remote sensors mounted on earth orbital platforms. 

work provides a basis for examination of some problems of integrating 

remote sensors into a viable geographic information system. 

This 
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SPATIAL DATA SYSTEMS 

by . 

Kenneth J. Dueker 

ABSTRACT 

S p a t i a l  d a t a  systems a r e  concerned with t h e  organiza t ion ,  handling, and 

r e t r i e v a l  of  d a t a  whose s p a t i a l  pos i t i on  i s  of concern. 

o f  p a r t i c u l a r  concern i n  urban and t r a n s p o r t a t i o n  planning.  

S p a t i a l  d a t a  are 

I n  t h e s e  

f i e l d s  cons iderable  a t t e n t i o n  i s  given t o  s p a t i a l  and temporal v a r i a t i o n s  

of  da t a .  
i\. 

The three volume r e p o r t  p resents  a d i scuss ion  of  concepts and techniques 

t h a t  are e s s e n t i a l  i n  moving towards f l e x i b l e  and respons ive  urban information 

systems. The fol lowing areas a r e  emphasized: 

1. 

2. 

3. 

. 4 .  

Expl ica t ion  of  terms assoc ia ted  with s p a t i a l  d a t a .  

Discussion of  means o f  organizing s p a t i a l  d a t a  f o r  

. f l e x i b l e  and eff ic ient  r e t r i e v a l .  

I n v e s t i g a t i o n  of  d a t a  handling c a p a b i l i t i e s  f o r  organ- 

i z i n g  and manipulating s p a t i a l  d a t a .  

P re sen ta t ion  of  t h e s e  top ic s  i n  a t u t o r i a l  form, con- 

ce ivab ly  t o  se rve  a s  a t ex t  where none p r e s e n t l y  e x i s t .  
I 

The g r e a t e r  speeds and s torage  c a p a c i t i e s  of  newer computers r e q u i r e s  

new concepts of  d a t a  organiza t ion  and new means t o  c r e a t e  and access  t h e s e  

more complex d a t a  s t r u c t u r e s .  

t a t i o n  planning are needs t o  l i n k  s e p a r a t e l y  c o l l e c t e d  d a t a  t h a t  r e l a t e  t o  

t h e  same phenomena o r  s p a t i a l  l oca t ions ,  and a need f o r  user -or ien ted  d a t a  

\ I 
/ 

Of p a r t i c u l a r  concern i n  urban and t ranspor-  

' 

e- -- - 
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handling capabilities. These needs are explored and recommendations are 

made. 
4 .. ~ 

. Volume 1 contains the Summary and,, Conclusions, Introduction, Data 

Handling Capabilities for Supplying the D’mands for’  .Urban Data, Nature of 

Spatial-Temporal Data, and Questions and Queries. 

Volume 2 deals with a Language to Query Spatial-Temporal Data, a 

U 

.’ 

i .  
i 

Directory of Spatial-Temporal Data, and Hardware-Software Configurations. 

Volume 3 deals with Entity Linkage, Organization of Data for Retrieval, 

Search Efficiencies, Point in Polygon Procedures and Retrieval from Digitized 

Imagery. 

I 
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Par t  I 

SUMMARY AND CONCLUSIONS 

S p a t i a l  d a t a  systems a r e  concerned with t h e  o rgan iza t ion ,  handling, 

and r e t r i e v a l  o f  d a t a  whose s p a t i a l  p o s i t i o n  i s  of concern.  S p a t i a l  d a t a  

are of  p a r t i c u l a r  concern i n  urban and t r a n s p o r t a t i o n  planning.  In  t h e s e  

f i e l d s  considerable  a t t e n t i o n  i s  given t o  s p a t i a l  and temporal v a r i a t i o n s  

of phenomena, such as land u s e  and populat ion c h a r a c t e r i s t i c s .  Typical ly ,  

t h e s e  v a r i a t i o n s  are  observed as d i f f e r e n c e s  i n  areal  aggregates ,  such 

as d i f f e r e n c e s  i n  populat ion d e n s i t i e s  o r  au to  ownership ra tes  f o r  r eg ions  

o r  areal  u n i t s .  

is r e q u i r i n g  more d e t a i l e d  s p a t i a l  d a t a ;  more d e t a i l e d  i n  l o c a t a b i l i t y  and 

more d e t a i l e d  frequency of observat ion.  

g r e a t  p r e s s u r e  upon providing o r  supplying d a t a .  

and handling d a t a  are e s s e n t i a l .  

More soph i s t i ca t ed  mathematical modeling o f  urban s t r u c t u r e  

These d a t a  demands are  p u t t i n g  

New methods o f  organizing 

C h a r a c t e r i s t i c s  of S p a t i a l  Data 

For u s e  i n  urban and t r a n s p o r t a t i o n  planning it i s  imperat ive t h a t  

s p a t i a l  p o s i t i o n  of d a t a  be observed. 

a known l a t i t u d e  and long i tude  i s  recommended f o r  d e f i n i n g  s p a t i a l  p o s i t i o n .  

A coord ina te  system provides  a r a t i o  scale of  measurement, and d i s t a n c e s  

may be c a l c u l a t e d  between observat ions.  Conversely, i f  codes f o r  areal  

u n i t s  a r e  used f o r  de f in ing  s p a t i a l  p o s i t i o n ,  a map must be  used t o  i n t e r -  

p r e t  s p a t i a l  r e l a t i o n s h i p s .  This  i s  because l o c a t i o n a l  codes a r e  measure- 

ments on a nominal s c a l e .  

A g r i d  coord ina te  system, t i e d  t o  

There i s  a need f o r  agreeing upon a terminology concerning d a t a  and a 
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need f o r  c l a s s i f y i n g  d a t a .  For t h e  purpose of t h i s  i n v c s t i g a t i o n  such a 

terminology r e l a t i n g  t o  d a t a  i s  dcvelopcd and d a t a  a r e  c l a s s i f i e d  by 

spa t i a l - t empora l  p r o p e r t j e s .  Here, d a t a  a r e  def ined as c o l l e c t i o n s  of 

v a l u e s  of s e l e c t e d  p r o p e r t i e s  f o r  e n t i t i e s .  
8 

For in s t ance ,  t h e  weight of 

a person is an item of  d a t a .  The weight measure is t h e  va lue ,  weight i s  

p rope r ty  of a person, and t h e  person i s  t h e  observed e n t i t y .  S p a t i a l  

d a t a  re la te  t o  t h o s e  phenomena observed i n  space and t ime and a re  c las-  

s i f i e d  as con ten t  d a t a  and p l a c e  d a t a .  Content d a t a  have elements of 

phenomena, l oca t ion ,  and time. Content d a t a  may be c l a s s i f i e d  as observa- 

t i o n s  on o b j e c t s ,  events ,  a c t i v i t i e s  and flows. Place d a t a  r e l a t e  t o  t h e  

geometric c h a r a c t e r i s t i c s  of segments of  space. These d e f i n i t i o n s  a i d  i n  

developing general  schemes f o r  organizing s p a t i a l  d a t a .  

J 

Data Handling 

Ex i s t ing  d a t a  handling c a p a b i l i t i e s  do not  g i v e  enough cons ide ra t ion  

t o  s p a t i a l  and temporal p r o p e r t i e s  of d a t a .  Ex i s t ing  d a t a  systems t r e a t  

s p a t i a l  and temporal p r o p e r t i e s  i n  t h e  same way as o t h e r  v a r i a b l e s .  Because 

d a t a  needs o r  ques t ions  i n  urban and t r a n s p o r t a t i o n  planning u s u a l l y  

express  o r  imply l i m i t s  of l o c a t i o n  and time, it i s  imperative t h a t  s p a t i a l  

and temporal p r o p e r t i e s  be  used t o  o rgan ize  d a t a  i n t o  f i l e s  o r  sets. Th i s  

means t h a t  a un ive r se  of  l i k e  d a t a  obse rva t ions ,  say observat ions on persons,  

are grouped i n t o  s e t s  according t o  s imilar  spa t i a l - t empora l  p r o p e r t i e s .  

Observations possessing l i k e  l o c a t i o n  va lues  and time va lues  a r e  grouped 

t o g e t h e r  i n t o  s u b - f i l e s .  

A gene ra l i zed  c a p a b i l i t y  f o r  handling s p a t i a l  d a t a  c o n s i s t s  of means 

t o  pose q u e r i e s  and t o  manipulate d a t a .  Queries are def ined as search 

c r i t e r i a  i n  a form t h a t  a r e  r e l a t a b l e  t o  a v a i l a b l e  d a t a .  To b r ing  d a t a  t o  
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bear  upon answering qucst ions,  the ques t ions  m u s t  be t r a n s l a t e d  t o  q u e r i e s .  

Although work on automated qucstion-aiisi\iering systems appears promising, 

t h e  s t a t e -o fL the -a r t  i s  confined t o  very  s p e c i f i c  se ts  of  data  and s p e c i f i c  
. 
s c l a s s e s  of  ques t ions .  Hence, t h e  t r a n s l a t i o n  process  i s  l a r g e l y  a human 

func t ion .  

r a t h e r  t han  t o  ques t ion ,  d i v e r s e  kinds of d a t a .  

This  s tudy focuses upon t h e  dcvclopment of  c a p a b i l i t i e s  t o  query, 
*' 

Thus a language t o  - Query 

Spatial-Temporal (Quest) d a t a  i s  spec i f i ed  f o r  subsequent development. 

Quest i s  designed t o  f a c i l i t a t e  que r i e s  t o  and manipulation o f  s p a t i a l -  

temporal d a t a ,  with b u i l t - i n  f e a t u r e s  f o r  t e s t i n g  a l l  e n t i t i e s  within a f i l e  

without s p e c i a l  looping i n s t r u c t i o n s  and a b u i l t - i n  point-in-polygon t e s t  

f o r  determining whether e n t i t i e s  a r e  within query a r c a ( s ) .  Implementation 

o f  Quest r e q u i r e s  wr i t i ng  a t r a n s l a t o r  program t o  t r a n s l a t e  Quest s ta tements  

t o  some o t h e r  ope ra t iona l  programming language o r  t o  machine language. 

D i rec to rv  Svstem 

To access  d a t a  r e l a t i n g  t o  s p e c i f i c  l o c a t i o n s  and t imes,  d a t a  should be 

organized i n t o  f i l e s  according t o  t h e i r  spat ia l - temporal  p r o p e r t i e s .  

s i n g  t h e s e  f i l e s  r e q u i r e s  a d i r e c t o r y  mechanism o r  a known r e l a t i o n s h i p  be- 

tween spat ia l - temporal  va lues  and t h e  a p p r o p r i a t e  d a t a  se t .  

a d a t a  type,  a l o c a t i o n a l  c h a r a c t e r i s t i c  and a t ime va lue ,  t h e  problem i s  

t o  determine t h e  t y p e  of  d a t a  and t h e  s e t  possessing t h e s e  spa t i a l - t empora l  

c h a r a c t e r i s t i c s .  Th i s  r e q u i r e s  a d a t a  d i r e c t o r y  o r  index, o r  a mapping 

f u n c t i o n  t h a t  c a l c u l a t e s  t h e  loca t ion  o f  d a t a  given t h e  spa t i a l - t empora l  

c h a r a c t e r i s t i c s .  

Acces- 

Given as  a key, 

Computer Systems 

C l e a r l y ,  hardware cons ide ra t ions  a r c  not  independent of  sof tware,  nor 
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n 

i s  sof tware d e c i s i o n s  indcpcndent of  hardware. The design of  a s p a t i a l  

d a t a  system i s  t h e  determinat ion of a l ia rd i~~are-sof t~ l la re  conf igu ra t ion  t h a t  
*t 

performs t h e  des i r ed  func t ions .  

sof tware conf igu ra t ions .  

There a r e  numerous p o s s i b l e  hardware- 
* 

The problem i s  t o  def  i n e  one ' s  nceds and obj ec t  i v c s  

I 

so t h a t  conf igu ra t ions  can be  devised and m a l y z c d  f o r  s e l e c t i o n  of  t h e  

"best" one. This  s tudy merely d i scusses  113rd~\rare-soft~2rare r e l a t i o n s h i p s  

along a continuum of i n c r e a s i n g l y  s o p h i s t i c a t e d  hardware. 

Orgznizat ion of Data  

To avoid r e l i a n c e  upon ecological  c o r r e l a t i o n  i n  urban and t r a n s p o r t a t i o n  

planning analyses ,  it i s  necessary t o  organize d a t a  t o  enable t h e  developnient 

of  d i r e c t  r e l a t i o n s h i p s  between phenomena. 

used t o  i n f e r  r e l a t i o n s h i p s  between sets o f  aggregated a r e a l  d a t a .  

Ecological c o r r e l a t i o n  i s  o f t e n  

For example, when looking a t  i nd iv idua l  households t h e r e  i s  a s t rong  

r e l a t i o n s h i p  between number of t r i p s  pe r  household and household s i z e .  I n  

t r i p  generat ion ana lyses  averages o r  a r e a l  aggregates  a r e  o f t e n  used,  and 

t h e  t r a f f i c  a n a l y s i s  zones a r e  assumed homogeneous. These analyses  focus on 

v a r i a t i o n  between t r a f f i c  a n a l y s i s  zones with t h e  honiogenei t y  assumption 

s e t t i n g  within-area v a r i a t i o n  equal t o  zero.  Bccause household s i z e  does not 

v a r y  ex tens ive ly  between a r e a s ,  it i s  o f t e n  found t o  be i n s i g n i f i c a n t  f o r  

p r e d i c t i n g  t h e  number of  t r i p s  per household. This  and s i m i l a r  problems occur 

when using eco log ica l  o r  between-area c o r r e l a t i o n  and ignoring t h c  within-  

a r e a  c o r r e l a t i o n .  
***  

*I-Iardware i s  a term designat ing t h e  mechanical, magnetic, e l e c t r i c a l  
Software a r e  t h e  computer programs a s  con t r a s t ed  and e l e c t r o n i c  dev ices .  

with computer components o r  hardware. 

of  a d a t a  system. 
p u t e r  system, a da ta  base,  and systens t echn ic i ans  t o  i n t e r f a c e  w i t h  users. 

**"See  Duncan, Cuzzort ,  and Duncan [ l ,  p.  621 f o r  a d i scuss ion  of a g g r e -  
g a t i o n  of a r e a l  d a t a .  (The mniber i n  b rackc t s  r e f e r s  t o  e n t r i e s  i n  t h c  l i s t  
not  r e fe rences  included a t  t h e  end o f  each chap te r . )  

* *A hardnare-sof t~\ .are  configurat  i on  comprises t h e  computer system elcmcnt 
A d a t a  system i s  a man-machine system c o n s i s t i n g  of a com- 



5 

To avoid r c l i a n c c  upon ecological  c o r r e l a t i o n  and y e t  enablc  a n a l y s i s  

b o f  v a r i a t i o n s  betwccn a r c a s  o r  ovcr space i s  a goal i n  urban t r a n s p o r t a t i o n  

plaiming r e sea rch .  

i n  organizing d a t a .  For example it may r e q u i r e  t h a t  s e p a r a t e l y  c o l l e c t e d  

d a t a ,  r e l a t i n g  t o  t h e  same phenomena o r  l o c a t i o n ,  be  l i n k e d .  This  l inkage 

of e n t i t i e s  enables  d i r e c t  r e l a t i o n s h i p s  t o  be i n v e s t i g a t e 3  r a t h c r  t han  

r e l y i n g  upon in fe rcnccs  drawn from unrc l a t ed  d a t a .  

The problem i s  t o  organize s p a t i a l  data  i n  forms t h a t  a r e  amenable 

Achieving t h i s  goal r e q u i r e s  g r e a t e r  c a r e  and s k i l l  . 

. 

t o  l i nkage ,  s t r a t i f i c a t i o n ,  and aggregat ion.  A l l  t o o  o f t e n ,  t h e  a v a i l a b l e  

forins of  d a t a  r e s t r i c t  o r  c o n t r o l  t h e  a n a l y s i s .  

aggregated t o  minimize t h e  amounts of d a t a  and t h u s  l i m i t  a l l  subsequent 

d a t a  a n a l y s i s .  

d a t a  i s  s i g n i f i c a n t  i n  t h a t  t h e  newer computers o f f e r  considerably more 

spccd and d i r e c t  access  s t o r a g e .  These f e a t u r e s  provide g r e a t e r  oppor- 

t u n j t i c s  f o r  more extensive and d e t a i l c d  ana lyses .  

these g r c a t c r  spccds and g r c a t e r  s to rage  c a p a c i t i e s ,  new concepts of  d a t a  

o rgan iza t ion  a r e  necdcd. In add i t ion ,  systems l i k e  Quest are  needed t o  

c r e a t e  and access  t h e s c  more complex d a t a  s t r u c t u r e s .  

Data a r e  immediately 

This concern with mcms of  organizing and handling s p a t i a l  

To t a k e  advantage of 
" 

In  t h i s  con tex t ,  P a r t  I V  d e a l s  with mcans f o r  organizing and accessing 

s p a t i a l  d a t a .  

same phenomena o r  s p a t i a l  l oca t ions  i s  s i m i l a r  t o  r e l a t i n g  complex h i e r a r -  

c h i c a l  d a t a  sets,  such a s  household t r a v e l  behavior d a t a .  Linking a t r i p  

t o  a person and t h e  person t o  a houschoId i n  what a r e  c a l l e d  l i s t  s t r u c t u r e s  

i s  necessary f o r  a c c u r a t e  r c y r e s e n t a t i o n  of  d a t a  and t o  e l imina te  i n i t i a l  

o rgan iza t ion  of da t a  t o  l i m i t i n g  preconceived forms t h a t  a r c  not responsive 

t o  subsequcnt needs.  

Linkage o f  s epa ra t e ly  c o l l e c t e d  d a t a  t h a t  r e l a t e  t o  t h e  

One of  t h e  morc important of t h e  f i n d i n g s  of t h i s  
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i n v e s t i g a t i o n  i s  t h a t  d a t a  o rgan iza t ion  \ v j  11 become more important,  f o r  

the  s t o r a g e  of d a t a  i n  complcx but f l e x i b l e  forms enables response t o  a 

wide v a r i e t y  of  problems and ana lyses .  
. 

However, t o  make t h e s e  d a t a  organ- 

i z a t i o n  concepts a t t r a c t i v e  and f e a s i b l e ,  t h e r c  must  be a d a t a  h a - ~ l l i n g  

c a p a b i l i t y ,  such a s  Quest, t o  c r e a t e  and update t h e s e  complex d a t a  s t r u c t u r e s ,  

a s  wel l  as  f o r  r e t r i e v a l  of d a t a  from them. Successful d a t a  handling 

c a p a b i l i t i e s  will be those  t h a t  can do both.  

. 
The d a t a  handling c a p a b i l i t y  

and d a t a  o rgan iza t ion  a r e  i n t e r r e l a t e d ,  with t h c  imporrant a spec t  being 

f l e x i b i l i t y .  

handling c a p a b i l i t y .  

A f l e x i b l e  form of  d a t a  i s  necessary as i s  a f l e x i b l e  d a t a  

In  conclusion, it appears s a f e  t o  say t h a t  s p a t i a l  d a t a  systems f o r  

urban and t r a n s p o r t a t i o n  planning a r e  a t  an embryonic s t a g e  of  development. 

"Information System" e f f o r t s  and "Comprel-lensive urban models" f a l l  s h o r t  of 

expec ta t ions ,  p r i m a r i l y  because of t h e  lack of f l e x i b i l i t y  i n  organizing 

and handling s p a t i a l  d a t a .  I t  i s  e s s e n t i a l  t h a t  f u t u r e  systems possess a 

g r e a t e r  c a p a b i l i t y  f o r  accessing and manipulating s p a t i a l  d a t a .  This  

r e q u i r e s  greater  care and planning i n  t h e  o rgan iza t ion  o f  d a t a .  

Con t r ibu t ions  

The c o n t r i b u t i o n s  of  t h i s  r e sea rch  e f f o r t  a r e  d i f f i c u l t  t o  a s s e s s .  

P r imar i ly  t h i s  i s  because t h e  i n v e s t i g a t i o n  i s  somewhat unorthodox, with 

v a r i o u s  conceptual m a t e r i a l s  being presented i n  a t u t o r i a l  form. The neces- 

s i t y  f o r  t h i s  approach stems from a lack of awareness among p r o f e s s i o n a l s  i n  

urban and t r a n s p o r t a t i o n  planning o f  t h e  p o t e n t i a l s  and l i m i t a t i o n s  of  

computer tcchnology app l j  ed t o  s p a t i a l  d a t a .  The lack of  awareness t h a t  

s p a t i a l  da t a  d i f f e r s  f rom,  say business  d a t a ,  i s  i t s c l f  a major problem. 

E s s e n t i a l l y ,  t h e r e  a r e  fou r  major a r e a s  of contx-ibution: 



1. Expl ica t ion  of  terms assoc ia ted  with s p a t i a l  d a t a .  

2 .  Discussjon o f  means or  org:inizirig s p a t i a l  d a t a  f o r  f l c x i b l e  
and e f f i c  i en t  r e t r i e v a l .  

3 .  Inves t iga t ion  of  d a t a  handling capabi l  i t i c s  f o r  organi 7ing, 
manipulat ing,  and updat ing s p a t i a l  d a t a .  

4. Presen ta t ion  of t h e s e  t o p j c s  i n  a t u t o r i a l  form,  conceivably 
t o  s e r v e  as  a t e x t  where none p r e s e n t l y  e x i s t .  

The i d e n t i f i c a t i o n  and emphasis of  t h e s e  areas of  concern i s  o f  more 

l a s t i n g  s i g n i f i c a n c e  than  t h e i r  t rea tment .  

e f f o r t  i n  t h e s e  d i r e c t i o n s .  

Th i s  emphasis may focus  more 

li’ith t h e  development of  cheaper and l a r g e r  

d i r e c t  access s to rage  devices  and more soph i s t i ca t ed  programming languages,  

and on - l ine  coniputers, it i s  poss ib l e  t o  s t o r e  and havc access  t o  l a r g e  

amounts of d a t a .  

t h e s e  f o u r  a r e a s  be f u l l y  explo i ted .  

i n t roduc to ry  na tu re .  

mented and t h e r e  must be numerous experjments j n  organiz ing  s p a t i a l  d a t a .  

To f u l l y  u t i l i z e  t h i s  technology it i s  impera t ive  t h a t  

T h e  t rea tment  g iven  he re  i s  o€ an  

For example, Qucst o r  soniethjng s i m i  l a i  rni~st be imple- 

The fou r  c o n t r i b u t i o n s  a re  considered t o  be equa l ly  important a t  t h i s  

time. 

g r e a t e s t  amount of f u t u r e  e f f o r t ,  

llowever, t h c  a r e a s  descr ibed i n  i tems 2 arid 3 will  r e q u i r e  t h c  

To achieve  t r u l y  f l e x i b l e  s p a t i a l  d a t a  

systems considerabl  e c f f o r t  must be  g iven  t o  d a t a  01-ganizatjon and da ta  

handl ing c a p a b i l i t i e s .  These two areas a r e  e s s e n t i a l .  The d a t a  o rgan iza t ion  

concepts  discussed h e r e  and t h e  design o f  Qucst a re  i l l u s t r a t i v e  of t h e  

needs i n  t h e s e  a r e a s .  

I 

I, i m  i t a t  i ons 
I- 

. i  
The major l i m i t a t i o n  o f  t h i s  i n v e s t i g a t i o n  i s  t h e  lack  of  evidence t o  

I 

s u b s t a n t i a t e  t h e  a s s e r t i o n  o f  t h e  d e s i r a b i l i t y  of s t o r i n g  da ta  i n  l i s t  I 

s t r u c t u r e s .  No empir ica l  t e s t  was pcrforined t o  t e s t  t h c  s u p p ~ s e d  e f f i c i e n c i e s  

o f  s t o r i n g  da ta  i n  l i s t  form. A v a l i d  ques t ion  i s  \shcthei. t h c  ex tens ive  



organ iza t ion  of da t a  i s  \mrrcrnted i n  comparison t o  a "brute forcc"  a1 t c r n a t i v c  

o f  tcs t i r ig  a l l  p o s s i b l c  d a t a .  

Another l i m i t i n g  f a c t o r  i n  ~ w i g l i i n g  ilic con l r ihu t ion  of t h i s  invcs l  j g a -  

t ior i  i s  t h a t  a t r i a l  Quest t r a n s l a t o r  was not  w r i t t e n .  \\ 'ithout a c t u a l  

expcr icncc  i n  running Quest p r o g r m s ,  i t  i s  d i l f i c u l t  t o  assess i t s  va lue .  

So l i t t l e  1ias bccri done i n  studying probleiiis o f  d a t a  o rgan iza t ion  and 

d a t a  handl ing w j  t h  regard  t o  urban and t r a n s p o r t a t i o n  planning. 

i n v e s t i g a t i o n  i s  t h e r d o r c  broad and gene ra l .  

must d e a l  wi th  t h c  necds arid e f f i c i e n c i e s  o f  da ta  o rgan jza t ion  a n d  d a t a  

handl ing .  

Th i s  

Subsequerit more d e t a i l e d  work 
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Part  I1 

O R G A N I Z A T I O N  01: S P A T I A L  DATA 

C H A P T E R  1. I N T R O D U C T I O N  

Ob jec t ives  and Sc= 

Th i s  s tudy i s  s p e c i f i c a l l y  concerned with t h e  s t o r a g e  and r e t r i e v a l  o f  

da t a  on s p a t i a l l y  d i s t r i b u t e d  phenomena. The s t o r a g e  and r e t r i e v a l  of 

s p a t i a l l y  d i s t r i b u t e d  d a t a  implies a c a p a b i l i t y  of accessing recorded va lues  

of  phenomena having loca t ionn l  c h a r a c t e r i s t i c s .  The emphasis i s  upon t h e  

s e l e c t i n g  o r  accessing of  s t o r e d  d a t a  va lues  r a t h e r  than developing an i n f o r -  

mat ional  meaning from con tex t .  

f o r  s t o r i n g  and r e t r i e v i n g  d a t a  on s p a t i a l l y  d i s t r i b u t e d  phenomena. 

p a r t i c u l a r ,  t h e  s tudy i s  concerned with s t o r a g c  and r e t r i e v a l  of da ta  t h a t  

are  use fu l  i n  t h e  a n a l y s i s  o f  urban a r e a s  f o r  planning purposes or a s p a t i a l  

d a t a  system f o r  urban and t r a n s p o r t a t i o n  planning. 

The s tudy  focuses  upon developing concepts 

In  

The o b j e c t i v e  i s  t o  conceptual ize  t h e  elements of  s p a t i a l  d a t a  systems 

r a t h c r  than t o  design one. The elements of a s p a t i a l  d a t a  system c o n s i s t  of 

d a t a  inpu t s ,  r c p r e s e n t a t i o n  of s p a t i a l  d a t a  i n  s t o r a g e ,  a d a t a  handling cap- 

a b i l i t y ,  and an output  system f o r  p re sen t ing  s p a t i a l  d a t a .  Th i s  study i s  

p r i m a r i l y  concerned with r e p r e s e n t a t i o n  of s p a t i a l  d a t a  and t h e  conceptual 

development a t  g e n e r a l j  zed d a t a  handling capabi l j  t i e s .  

Aud i enc e 

The i n t e n t  i s  t o  provide an i n t e r f a c e  between persons i n t e r e s t e d  i n  t h e  

a p p l i c a t i o n s  a r e a ,  i . e . ,  t h e  a n a l y s i s  of urban a r e a s ,  and persons i n t e r e s t e d  

i n  computer techniques.  

and techniques,  an attcmpt i s  made t o  provide enough d e t a i l  i n  both arc'ns f o r  

Jn provis ion of t h i s  b r idge  between a p p l i c a t i o n s  



10 

persons from e i t h e r  a r e a .  Ilowevcr, t h e  s t u d y  j s probably oT g r e a t e r  i n t c r c s t  

t o ,  a n d  i s  o r i en ted  towards u r b a n i s t s  who have some k n o w l ~ d g c  o f  and i n t e r e s t  

j n coinput e r  techno 1 ogy . 

Approacli t o  S p a t i a l  Data Systems __- 

The approach t o  t h e  design of s p a t i a l  daLa systems i s  t o  c r e a t e  a capab i l -  

i t y  f o r  accessing d a t a  on s p a t i a l l y  d i s t r i b u t e d  phenomena i n  unan t i c ipa t ed  ways. 

For a system t o  have long-term and broad u t i l i t y  it must have s u f f i c i e n t  f l e x -  

i b i l i t y  t o  enable  usagc, i . e . ,  r e t r i e v a l  o r  manipulation of d a t a ,  i n  ways 

which it was not e x p l i c i t l y  designed t o  handle.  

i t i e s  must e x i s t  t o  enable modif icat ion and manipulation of  t h e s e  d a t a .  

Th i s  means t h a t  u s e r  capab i l -  

In  

t u r n ,  t h i s  means d a t a  must be expressed and represented i n  general  ternis, 

Normally, one approaches t h e  design of an automated da t a  systein i n  one 

of two ways. The f i rs t  i s  t o  inventory t h e  kinds o f  d a t a  t h a t  a r e  p r e s e n t l y  

being c o l l e c t e d  and t o  i nco rpora t e  t,hese i n t o  a u n i f i e d  autoomated system w i t h  

m u l t i p l e  func t ions .  

p'ocessing f U i i C t i G l i S  o f  t h e  p r i o r  systems. 

These funct ions e s s e n t i a l l y  reproduce t h e  r e p o r t i n g  o r  

l ' h i s  approach j s u s u a l l y  app l i ed  

t o  o p e r a t i o n a l  needs of agencies  such a s  autoinating t h e  b i l l i n g  ope ra t ion  f o r  

a u t i l j . t y  s e r v i c e .  

The second way 'io approach thc  des ign  of an autoninted system i s  t o  enum- 

e r a t e  t h e  ques t ions  t h a t  a r e  asked and t o  design a system t o  provide t h e  

answers.  The key t o  t h i s  approach i.s i n  t h e  formulat ion of ques t ions .  These 

ques t ions  iiiust be formally exprcsscd i n  terms of q u e r i e s  o r  imperat ive s t a t e -  

ments and appl ied t o  appropr i a t e  data s c t s .  A query, as  a foni1al ly  r ep resen ted  

ques t ion ,  a c t s  upon t h e  d a t a  base e l i c i t i n g  a response.  Th i s  response i s  a 

s e l e c t i o n  o f  e n t i t i e s  o r  i tems. T h i s  i l l u s t r a t e s  an important a spec t  of t h e  

enunierati 0 1 1  of quest ions approach. 

d a t a ,  o r  t h a t  can be c q x c s s c d  as que r i e s  t o  a d a t a  s e t ,  can be c r p l i c i t l y  

Only tliose ques t ions  thnr  a r e  r e l a t a b l  e t o  

ansvered. Questions t h a t  a r e  not d i r e c t l y  r e l a t a b l e  t o  d a t a  r e q u i r e  subj  c c t i v e  
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humcin processing." The ln-oblcin i s  t o  formula tc  ques t ions  o r  clcmcnts o f  

qucst iolls i n  tcriiis o f  quei-ies t o  obtajnnb] c c k t i i .  

A t h i r d  way t o  approach t h e  dcsign 01 a s p a t i a l  d a t a  systciii i s  t o  t h i n k  

n e i t h c r  in t ~ r i ~ i s  of explicit d a t a  nor o€  e x p l i c i t  qucs i ions ,  but  t o  conccivc 

of  gene ra l i  zed c a p a b i l i t i e s .  These gcncra l izcd  c a p a b i l i t i c s  r c l a t c  t o  

mcthocls f o r  handling c l a s s c s  of da t a  and t o  answering classes of  qucs t ions .  

This  t h i r d  approach i s  t h c  one used i n  t h i s  s tudy .  

Organiza t ion  of t h e  Study - 

This  s tudy  i s  dividcd i n t o  four  p a r t s .  P a r t  I i s  t h e  summary and conclu- 

s i o n s .  ?'he second p a r t  c o n s i s t s  o f  t h i s  i n t roduc t ion ,  a revicw of e x i s t i n g  da ta  

handl ing c a p a b i l i t i e s ,  t h c  dcvelopn~ent of  a framcwor.1; f o r  spa t ia l - tempora l  d a t a ,  

and a d i f f c r c n t i a t i o n  between ques t ions  and q u c r i e s .  Th i s  sccond p a r t  i s  

w r i t t c n  f o r  a f a i r l y  broad c l i c n t a l  with a minimal a n ~ o ~ m t  of technica l  d e t a i l  

being included.  The primary purpose of  P a r t  I1 i s  t o  vicr:. d a t a  i n  t h e  a b s t r a c t  

terms and t o  deiiionstratc t h e  need f o r  genera l izcd  d a t a  handl ing c a p a b i l i t i c s .  

The t h i r d  p a r t ,  wi th  t h e  exccpi ion of soiiic tc r i i i i i io iugy ,  i s  illdcpcilrleilt 

of t h e  f i r s t  f o r  a person w i t h  knowlcdgc o€ computcr techniqucs .  

cons idcrably  more t echn ica l  t han  Part 11. 

des ign  f o r  a query language, a forinulatjon of a d i r e c t o r y  system t o  f i l e s  o€  

P a r t  I11 i s  

Part  111 c o n s i s t s  of  a pre l iminary  

spa t ia l - tempora l  d a t a ,  and a d iscuss ion  o f  cons ide ra t ions  f o r  t h e  des ign  and 

implementation of  s p a t i a l  d a t a  systems. 

The f o u r t h  p a r t  c o n s i s t s  of a v a r i e t y  o f  spec ia l  t o p i c s  t h a t  a r c  of 

t a n g e n t i a l  i n t e r c s t  t o  t h e  main t h r u s t  of t h i s  s tudy.  These t o p i c s  provide 

ampl i f i ca t ion  f o r  t o p i c s  t h a t  a r c  introduced i n  c i t h c r  P a r t  I1 o r  Pa r t  111, 

and a s  such, a r c  i n t e r n a l l y  unrc ln ted .  

*In t h e s e  s i t u a t i o n s  a man-mncliinc i n t e r a c t i o n  may be nccessary.  For  
This  rcsponsc in s t ance ,  a psciido cjucst ion may br: aslicd o f  a v n i l a b l c  d a t a .  

i s  inpu t  t o  a su l j jcc t ivc  human process  t o  anslccr t h e  i n i t i a l  ques t ion .  
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Organiza t ion  of Pa r t  I1 

Following t h i s  introduc. t ion,  Chapter 2 prcsciiis a d i s c u s s i o n  o f  d a t a  s i ipply 

and demand r e l a t ions l i i p s  and a review of  soiiie e x i s t i n g  da ta  p:occssin,g systems. 

These systems a r e  invcs t jga t ed  f o r  f c a t u r c s  t h a t  a r e  app l i cab le  t o  t h e  clcvclop- 

mcnt o f  c a p a b i l i t i c s  t o  enablc a gre:Li cr  s u p p l y  of s p a t i a l  01- urban d s t a .  

I n  Chapter 3 a genera l  framcworlc i s  dcvclopccl €01. c l a s s i ~ y i n g  d a t a  on 

s p a t i a l l y  d i s t r i b u t c d  phcnolncnn. 

t h e  c l a s s i € i c a t i o n  o f  d a t a  by t h e i r  s p a t i a l  and tcmporal c h a r a c t e r i s t  i c s .  

The  importance of  t h i s  p a r t  of t h e  s tudy i s  

These general  c l a s s e s  of  d a t a  provide a foundat ion t o  enable  t h e  des ign  of 

systems t o  handle  t h e s e  c l a s s e s  of  d a t a .  

Chapter 4 d i f f e r e n t i a t e s  bctween ques t ions  and que r i e s ,  b r i e f l y  descr ibed 

i n  t h e  prev ious  sec t ion .  The d iscuss ion  of ques t ions  and q u e r i e s  provides  

t h e  c e n t r a l  focus  f o r  thi .s  s tudy .  Preceding t o p i c s  a r c  drawn toge the r  i n  

Chapter 4 ,  and i t  a l s o  se rves  a s  a p o i n t  of  depa r tu re  f o r  subsccpent t o p i c s .  

The problem of  query forinulation n e c e s s i t a t e s  t h e  concern ~ i t h  t h e  n a t u r e  and 

o rgan iza t ion  o f  spa t ia l - tempora l  d a t a  and Icith d a t a  handi ing capaLiiii.tj e s .  

Organiza t ion  of  Part I J I  

I n  Chaptcr 5, a proposal  €or t h e  Qucst Language (QUEry -- o€ S ~ a t i a l - ~ c i i i p o r a l  

Data) js prcsented .  

Quest language. Quest i s  s u i t a b l e  f o r  expressing a 131-ge nimbcr of r e t r i e v a l  

problems i n  a form s u f f i c i e n t l y  concise  f o r  d i r e c t  aut onlatic t r a n s l a t i o n  i n t o  

t h e  language of  coiiiput e r s .  

no t  designed f o r  a p a r t i c u l a r  comyutci- conf igu ra t ion .  

t u n i t y  f o r  ’an immccliate and shor t - run  c a p z b i l i t y  f o r  handl ing dz ta  on sp : i t i a l ly  

d i s t r i b u t e d  phenomena. I t  i s  n o t  p1moposed as t h c  f inn  1 answer, but as p re s s ing  

necds i n  t h e  near  f u t u r e .  

T h j s  p re sen ta t ion  g ives  a de f in ing  d e s c r i p t j o n  of t h e  

Qucbst is  a hardware inclcpcndent l anguage  a n d  j s 

Quest provides  t h e  oppor- 

Quest c o n s i s t s  of f i v e  types  of s ta te inenis :  a f i l e  s e l c c t j o n  o r  inpu t  

s ta tement ,  c?n c n t i t y  s c ]  ec t ion  s t a t m c n t ,  a modi f ica t ion  s ta tement ,  a 111:1~1i- 
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pii1ation s ta tcmcnt  and a n  o ~ i t l ' ~ 1 t  st'it~'iii~'iit. 

s ta tcmcnts ,  q u i t e  sopl i i s t ica tcd  prograins can 11c \ \ i r i t t cn  t o  ac t  upon tlri t a .  

'!'he i n p u t  s t a t  clncnt spcci € i e s  t h e  f i I C  01- l i  SI- t o  1)c s c a ~ c h c d  . 
s c l c c t j o n  statelllent c s s c n t i a l l y  c o n s i s t s  of  an IF s ta tcmcnt  t h a t  ennbIcs t h e  

spcc i€ i ca t  i on  of cond i t ions  o r  valucs  for s c l c c t i o n .  

a c t s  a s  a rcplacerricnt statenient fo r  tiic c r e a t i o n  o f  ne\$' p r u p c r i i e s .  

replaccmcnt i s  made f o r  cach of t hc  sc l  ccted c n t i t i c s .  

ment cna1)lcs one t o  changc t h e  r e l a t i o n s h i p  oE t h e  e n t i t i e s  themsclvcs .  

p u l a t i o n  c o n s i s t s  of  suminarizing or  s o r t i n g  the e n t i t i e s  of  t h e  input  d a t a  f i l e .  

F i n a l l y ,  t h e  output  s ta tcmcnt  enables  the  r e p o r t i n g  o f  t h e  query respoiisc o r  

graphic  c l j  s p l ay  i n  tcrnis o f  s p ~ t i a l  l y  pos i t i on ing  d a t a .  

There a re  three  important f e a t w e s  t o  Qucst.  

l d i t 1 1  the  judicious u s e  o f  t h c s c  

7'hc c i i t  i t y  

A modif ica t ion  s ta tcmcnt  

The smic 

A manipi la t ion  s t a t e -  

M m j  - 

One i s  tlnt t h e  user-program- 

mer writes h i s  Quest program as i f  he wcrc t o  r e a d  a s i n g l c  en ' r i ty .  'That i s ,  

he does not  have t o  be concerned with t h c  d e t a i l s  o f  i n s t r u c t i n g  t h c  computer 

t o  look a t  each e n t i t y  i n  t h e  f i l c .  

i n s t r u c t i o n s  f o r  process ing  each e n t i t y  of  t h e  prograin i n  t h e  f i l e .  

f e a t u r e  i s  t h a t  t h c  Quest t r a n s l a t o r  has  a b u i l t - i n  point-in-polygon test 

which enables  t h e  detcrniin3tion o €  whether a spa t  ia1 l y  pos i t ioned  e n t i t y  i s  

witliiii an  a r e a l  u n i t .  

The Qucst t r a n s l a t o r  genera tes  t l ic looping 

The sccond 

The t l ~ i i - d  f c a t u r e  i s  f o r  graphic  d i s p l a y  of  o u t p u t  d a t a .  

In Chnptci- 6 a d i r c c t o r y  system i s  considered t h a t  enables  acccss jng  

d a t a  s e t s .  

system. 

s e l e c t i o n  o f  f i lcs  f o r  qucrying . 

c c t c n t  and t h e  tciiipoi-a1 c s t c n t  pose problciiis i n  s e l e c t i n g  d a t a .  

izcd i n t o  Ei lcs  according t o  these  s p a t i a l  and tempor31 c h a r a c t e r i s t i c s .  

a r c  p a r t i t i o n e d  i n t o  f i l e s  having uniform s p t i a l  r eg ions  arid annual t inic pe r iods ,  

uniform s p a t i a l  r eg ions  a n d  varyin; tiinc p e r i o d s ,  a r b i  t r n y  a r e a l  u n i t s  and 

annual time p e r i o d s ,  and a r b i t r a r y  a r e a l  un j t s  anJ varying time pe r iods .  

Such a systcni i s  e s s e n t i a l  €or a r c a l - t i m e  c a p a b i l i t y  on an on - l inc  

The purpose of  a d a t a  d i r c c t o r y  system i s  t o  ciiablc t h e  c f f i c i c n t  

The d i ~ ~ e r s c n e s s  of  urban da t a ,  t h e  s p a t i a l  

Data a r c  orgpn- 

Data 

'I'hcse 



1 4  

d a t a  cp~adrant  categories a r c  iiscd t o  Ioca lc  f i l c s  l o  qiicry. A q u e r y  i s  

Th i s  f i l c  i s  tlicn :tcccsscd. 

chap te r  7 c o n s i s t s  of considerrit i ons  r c l a t i r i g  t o  thc  dcsign and  jmpl c- 

mcnt:itioii of s p a t i a l  da t a  systems. 1‘11csc cons jde ra t ions  are not d e t a i l  e d .  

‘rhc)~ r c l a t e  t o  a range o r  continu~un of  I iard\~arc-sof twarc conf ig i i ra t ions  ncces-  

s a r y  t o  implement t h e  dcs i r cd  s p a t i a l  d a t a  systciiis c a p a b i  l i  t i e s .  

This  continuum of Iiai’d\\’3i’~-soft~,:.are conf igu ra t ions  or tends  frorii a genera l  

p w p o s c  coniputcr and a gcnc ra l  p u r p s c  prograi:iming language to a spcci f i c a l l y  

dcsigncrl computer conf igura t ion  and a s p c c i f i c a l l y  designed on-1 i n c  qucry 

and prograiming capahi l  i t y .  The advantagc~s and d issdvantagcs  o f  sysl  ems 

conf igu ra t ions  along t h i  s continuum are d i  sciissecl w j  t h  rcspcct t o  proljl ems 

and needs f o r  urban d a t a .  

Organiza t ion  of  Pa r t  I V  

Part I V  con ta ins  jntcrnally unre l a t ed  chapt c r s .  Thesc a re  ex tens ions  or  

Part T V  coni a j 11s a e l abora t ions  of t o p i c s  devel oped i n  t hc p r i o r  c h a p  C T S  . 
d i s c u s s i o n  of  l i nk jng  scpai-atcly c o l l c c i e d  d a t a  pci*taining t o  t h c  sainc o b j e c t  

o r  l oca t ion ,  a d i scuss ion  of  t h e  01-ganization o f  d a t a  f o r  r c t r i e v a l  ) *  a 

d i scuss ion  o f  rcducing t i h c  f o r  scarcliing sp”ia1 d a t a ,  a clj scuss ion  of t cch- 

n iqucs  f o r  detcriiiining v!hethcr a poin t  i s  \$-;ithjn a n  a r e a l  u n i t  1-cprcscnt-ec1 a s  a 

polygon, and d i scuss ion  of  r e t r i e v i n g  s p a t j a l  pa t t e i -ns  from d j g j t i z e d  imagery. 

Thesc t o p i c s  yrovidc s u p e r f i c i a l  treatiiiciit o f  sevcr:il a r m s  t h a t  r c q u j r c  

coiisidcralily riore 1cor1;. ‘Thcir incli ision focuscs  a t te i i t  ion 011 t h c i r  r c l a t i o n -  

ship t o  s p a t i a l  d n t a  systcms. 

*For persons l i m  ins l i  t i  1 c or no exposure t o  d a t a  s t o r a g e  tcclini qucs,  
cspcc is l  1). l i s t  structures, C11~1picr 9 s h o i ~ l d  be i-c;icl iiilliiecliatcly. 



In t r o d  11c t ion  
w--c_- 

In  this chap te r ,  consideyat ion i s  given to t h e  su l ’p ly  and dciiiand r e l a t i  on- 

sh ips  f o r  urban d a t a .  Exi s t i n g  da ta  Iiaiitlling systcins a r e  a l so  jnvestigatecl .  

Tliesc t o p i c s  a r c  t r e a t e d  togctlicr bccausc t h c  dcni:incls f o r  spatial d3 ta  c r c a t e  

the  prcssures  r c s u l t i n g  i n  the  devclopnent of ne\: data handl ing c a p a b i l i t i e s .  

On t h e  o t h e r  hand, breakthroughs i n  systcn is  and sensor  technology j ncreasc  d a t a  

11andling and d a t a  COI I c c t i o n  c n p a b i l i t j  e s .  

exogenous s h i f t  i n  t h e  supply schedul e of d a t a .  

f u t u r e  da t a  hanclling systems arc n o t  only spcci  f i c d  by e x i s t i n g  dci!iands, bii t  

by new demands c rea t ed  ti), new capabil  i t i e s .  

‘Ihese b~-eal.throu:;Iis cnabIc an 

llius, t h e  xquircr i icnts  f o r  

Thc i n v c s t i g a t i o n  of e x i s t i n g  d a t a  hand1 i n g  systcrns i s  confincd t o  s c v c r a l  

systems t h a t  are uscd o r  are  capable of being uscd t o  proccss  u r b a n  d a t a .  

these,  Span ( S t a t i s t i c a l  Processing and ANalysj s systciii) from the Systcm Dcvcloy- 

merit Corporat j  on [ 13, b1a1-k 111 1:i IC blnnage~~lcnt System from 1iif0r~ii:~ti cs l a c .  

[ 151, Co l ingo  (Coiiipilc Oji LINc arid GO) froiii the  blitre Corporat ion [ 171 , I n t e g r a t e d  

Data S to re  from G c n c ~ a l  E l c c t r i c  [ 6 ] ,  G1S (Generalized l n E o i ~ ~ i a t j o r ?  Systcn)  f ~ o n i  

IBhI [ 121, and an Oil-Line Data hI:inagci,~cnt f o r  t h e  FIassacliusctts Gcncral I losp i ta l  

f i u m  B o l t  Deranccl, and Ne\m;in, Inc. [ S I ,  a r e  rcvicwcd. Or’ these  only Span i s  

designcd i n  e x p l i c i t  rcspousc: t o  the nceds of urban d a t a  users .  

OT 

- - - 

- - _ _  - 

Not d iscusscd  here  a r c  niinicrous p2cchage programs a v a i l  a b l e  t o  a s s i s t  i n  thc  

s t a t i s t i c a l  anal).sis sild d i sp lay  o f  spatial d a t a ,  The d a t a  1i;indljng systc:i; 

d i s c u s s c d  here  en:ibIe t h e  prepara t ion  GI i n p u t  t o  s t a t i s t i c a l  a r ~ a l ) - s j  s and graphic  

d i s p l a y  pachages. The niorc g ~ ~ i ~ ~ a 1  da t a  l iandl in~ ,  capabi l i t i c s  tha t  a r c  d h c l t  

~ I ) O I ~  h e x ,  cnab1c~ 11!01c‘ extcns ivc  u s c  o f  t h e  s t a t i s t i c a l  sild d i s p l a y  p.ichagcs. 
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Supp ly  0-c S11at.i a1 Dal-a ---_----- 
11; q x i n t i  t z t i v e  tcrins, thc ~ ~ ; ~ p l y  of d : i 1 2  is j x c r e a s c d  hy iiiip,-ovcc: I-cc.11- 

nology f o r  d a t a  h a n d  l i n g  and  c 1 a t . a  c o l l c c t i o n .  

a b l e  niore d a t a  t o  be processcd  j.n a given per iod  of ti.mc 01: for a gl.ven aniount o f  

moncy. Ihe largest-  impact i n  t c n i i s  of t h e  ~ i i p p l > .  o-F c1;it.a i s  i n  r e I a t i o n  t o  the 

increased  d e t a i l  o r  l oca t ion  prec iseness  of obscrva t ions  on the e a r t h ' s  s u r f a c c  

a.nd the increased frequency of o b s c r v a t i o n  . 

be ant ic ipa. tcd and t h e s e  observat ions a r e  going t o  be  made w i t h  i nc reas ing  fie- 

qu e11 cy . 

Iiiiprovei~ici~i.t-s in  d a t a  Iiand1i.np; en - 

,. 

hloi-e obscrvat.ions pe r  unit area c;m 

To i l l u s t r a t e  t1ij.s change of supply,  x r j e w  a s e t  of d a t a  va lues  as  p o i n t s  

A space-time do~iaj.11 j s defi.ned as a four dimcnsional j.11 a space-t5me doi~ai11. 

coordinate systeiii. Two dii~ic~iisioiis col-rcspond t o  the s p a t i a l  s u r f a c e  01 the 

e a r t h .  One dimension o r  axi.s corrcsponds to a valluc measurc: f o r  a n  05servc:tl i t m  

The f o u r t h  diniension measuj:es t j m e .  

Assunie t h e  phenonicna a r e  h o m e s ,  For each house,  t.hc groand f l o o r  a rea  

i s  observed i n  a d d i t i o n  t o  rccorr!ing s p a t i  a 1  1 o c a t i  011 a n d  time of obscrva t ion ,  

Each  house o r  e n t i t y  i n  t h i s  d a t a  s e t  can thus bc  p o s i t i o n e d  o r  vi.surdi-zcc1 i n  

the spce - t i i ne  doiii3j.n. 

su r f ace .  

and t h e  value  of time dcterniincs thc p o s i t i  oil on t.hc t imc c!iii!cnsi.on. 

the supply o f  t h e s e  da ta  i s  accornplishcd by mal.::ing niorc frequent- obsc rva t i  017s 

of t h e  houses. 

d i t i o n a l  d o ~ a i n s  arc  c r e z t c d  f o r  t h e  saii!? set of e n t i t i e s .  

Gcographic coord ina tes  r c l a t c  each house  t o  t h e  c a r t h ' s  

Tile ground f l o o r  area dcr:cr~nines tlic p o s i t j  on on t:hc va lue  dir:iens.i.on 

Increas ing  

O r  by obscrvj.ng add i t iona l  c h a r a c t e r i s t i c s  of  'ihc houses ad- 

A s  an a l t e r n a t i v e  t o  consider ing each hoiisc as  an e n t . i i ; y ,  one can p s ~ t i t i o n  

the  s p a t ;  a 1  siurface iii-to a set of ui1-i forin cc1 1.s . Theli t.he nuii1?>ci- o f  houses i n  

each c e l l  c211 be  o?~sci'\~c:C:. In  this case, i ~ l ~ i . ~ > ! s i ~ l g  t h c  s111)ply of d a t a  cz11 bc 

accoi~:pl.ished b y  p:l j- . t i t ioning 1-11~ X T ~ L ~  i n t o  I~:OTC aiid s i ~ i a l  I ci' cel.1 s a s  \icll ;t:i 

i nc rens ing  t h e  f x q u c n c y  of oL1sen:ation a n d  the p m p c y t i e s  observed. 'I'hc 
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appropr i a t e  dens i ty  of d a t a  po in t s  i n  t h e  Space-time domain i s  dependent upon 

t h e  t y p e  of phenomena being observed and t h e  use of t hese  da t a .  For example, 

t h e  frequency of observat ion of housing u n i t s  i n  an a r e a  i s  n o t  as important 

as t h c  frcqucncy of observat ion of v e h i c l e s  i n  an i n t e r s e c t i o n .  
t 

Technology i s  b r ing ing  f o r t h  d a t a  of more types,  observat ions on a much 

f i n e r  s p a t i a l  s c a l e ,  and more frequent  observat ions.  The t echno log ica l  advan- 

ces  a r e  of  many types,  such as a e r i a l  s u r v e i l l a n c e  f o r  increased areal scope, 

r e s o l u t i o n  and frequency; and new d a t a  processing f o r  handling increased numbers 

o f  observat ions.  

New s enso r s  and automated i n t e r p r e t a t i o n  and p a t t e r n  r ecogn i t ion  i l l u s t r a t e  

t h e  t echno log ica l  advances t h a t  promise g r e a t e r  numbers of  space-time domaihs . 
However, t h e  da t a  output from these  e x o t i c  d a t a  c o l l e c t i o n  techniques a r e  no 

d i f f e r e n t  than t h e  d a t a  as described above. 

of e n t i t i e s .  

For d a t a  a r e  va lues  of  p r o p e r t i e s  

Therefore, whether da t a  c o l l e c t i o n  be by conventional means o r  by 

new remote senso r s  t h e  d a t a  r ep resen ta t ion  i n  d i g i t a l  form a r e  t h e  same. 

handl ing c a p a b i l i t i e s  are the re fo re  common t o  d i g i t a l  d a t a  r e g a r d l e s s  of t h e  

method of c o l l e c t i o n .  

Data 

Demand f o r  SDatial  Data 

Requirements f o r  d a t a  processing systems vary considerably wi th in  t h e  a r e a  

of urban a n a l y s i s .  

with t h e  management of s p e c i f i e d  processes .  

problems, admin i s t r a t ive  support  and f i s ca l  a c t i v i t i e s .  On t h e  o t h e r  hand, 

systems f o r  t h e  manipulation o f  da t a  f o r  t h e  purpose o f  p o l i c y  making are becoming 

more p reva len t .  The requirements f o r  t h e  two types of  systems, i . e . ,  f u n c t i o n a l  

systems, and p o l i c y  guidance systems, a r e  considerably d i f f e r e n t .  The d i f f e r -  

ences accrue from t h e  var iance i n  o b j e c t i v e s .  Functional systems a r e  o r i e n t e d  

t o  t h e  p r e s e n t ,  t o  d i s c r e t e  a c t i v i t i e s ,  and t o  s e r v i c i n g  o r  c o n t r o l .  Conver- 

s e l y ,  p o l i c y  guidance systems a r e  o r i e n t e d  t o  t h e  f u t u r e ,  t o  comprehensive 

On one hand a r e  t h e  f u n c t i o n a l  o r  ope ra t ing  agencies empowered 

These agencies dea l  with t e c h n i c a l  
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a c t i v i t i e s  , and t o  decis ion making. * 

Both func t iona l  systems and pol icy guidance systems a r e  concerned with and 

designed on %he b a s i s  of  e x i s t i n g  not ions o r  percept ions of d a t a  rcquirernents. 

With impending and e x i s t i n g  improvements i n  hardware technology new l e v e l s  of 

d a t a  supply c a p a b i l i t i e s  a r e  poss ib l e .  

new d a t a  c a p a b i l i t i e s .  

The d a t a  demands must r e l a t e  t o  these  

Breaking away from c o n s t r a i n t s  upon d a t a  requirements 

imposed by l i m i t e d  supp l i e s  of data ,  new sets of quest ions can be formulated.  

These new sets  of  quest ions and the new c a p a b i l i t i e s  of d a t a  a v a i l a b i l i t y  open 

doors t o  new l e v e l s  of need. The general  a v a i l a b i l i t y  of new technological  

c a p a b i l i t i e s  permits b e t t e r  u se  of g r e a t e r  amounts of d a t a .  

al lows t h e  percept ion of new c l a s ses  of problems. 

Thus, technology 

S imi l a r ly ,  acceptance of'  

p u b l i c  c o n t r o l  over  urban environment engenders new se t s  of ques t ions .  

Evaluation of  Ex i s t ing  Data Systems 

The following d i scuss ion  o f  data handling systems i n d i c a t e s  t h e  range of  

e x i s t i n g  systems technology. 

urban d a t a  i n  usable  forms. 

a p p l i e d  t o  handling urban da ta .  

t h e  c r e a t i o n  of new demands f o r  data .  

These systems provide a c a p a b i l i t y  f o r  supplying 

Some elements of t h e  descr ibed systems have not  been 

These f e a t u r e s  o f f e r  new c a p a b i l i t i e s  and enable  

The purpose of t h i s  evaluat ion of e x i s t i n g  d a t a  systems i s  t o  determine t h e  

d a t a  handling c a p a b i l i t i e s  t h a t  e x i s t  f o r  t h e  manipulation and r e t r i e v a l  of urban 

d a t a .  

i n t o  a system of s t o r a g e  and r e t r i e v a l  of  spa t i a l - t empora l  d a t a .  

eva lua t ion  provides  t h e  reader  with a concise review of a v a i l a b l e  techniques.  

These c a p a b i l i t i e s  a r e  searched f o r  d e s i r a b l e  f e a t u r e s  f o r  i nco rpora t ion  

As well, t h e  

Span 

Span i s  a system f o r  management of urban d a t a .  I t  is a l a r g e - s c a l e  d a t a  

*See Grundstein [ lo ]  o r  Issacs [11] f o r  a d i scuss ion  of  c l a s s i f y i n g  urban 
d a t a  systems i n t o  func t iona l  and po l i cy  guidance c a t e g o r i e s .  



managcment, f i l e  processing,  and s t a t i s t i c a l  a n a l y s i s  system, programmed f o r  

t h e  IBPI  7 O ~ / 7 0 9 4 .  Span was i n i t i a t e d  a t  t h e  Penn-Jersey Transportat ion Study 

i n  l a t e  1962 and i s  being completed a t  System Development Corporation (SDC) with 

support  of t h e  Bureau of Publ ic  Roads, U.S. Department of Commerce. 

g e n e r a l l y  descr ibed i n  r e fe rence  [ l ] .  References [ 2 ] ,  [3], and [4] a r e  t e c h n i c a l  

memoranda r e l a t i n g  t o  va r ious  d e t a i l s  of  Span. 

Span i s  

Br i e f ly ,  Span is  a f l e x i b l e  use r -o r i en ted  system f o r  t h e  r educ t ion ,  mani- 

p u l a t i o n ,  and d i sp lay  of  d a t a .  

programmed. 

d i r e c t i v e s  and parameters s t a t e d  in  Engl ish- l ike sen tences .  

s e l e c t s ,  through t h e  parameters,  a p a r t i c u l a r  conf igu ra t ion  o f  pre-programm&d 

procedural  opt ions and adapts  program ope ra t ion  t o  h i s  p r e c i s e  requirements.  

This v a r i a t i o n  of  a package program concept provides  considerable  f l e x i b i l i t y  

and power. 

a v a i l a b l e  t o  t h e  u s e r  and because t h e  system i s  n o t  designed f o r  a r e s t r i c t e d  

set  of  d a t a  types b u t  f o r  d a t a  i n  general  terms, i . e . ,  d a t a  a r e  va lues  f o r  

p r o p e r t i e s  of e n t i t i e s  i n  ma t r ix  form.* 

Processing func t ions  i n  Span are " impl i c i t l y"  

That i s ,  t h e  u s e r  communicates with t h e  system through simple 

The u s e r  t hus  

This f l e x i b i l i t y  and power i s  due t o  t h e  l a r g e  number o f  op t ions  

The advantage of Span i s  t h a t  i t  o f f e r s  an e n t i r e  system t h a t  is capable 

of  handl ing t h e  bulk of demands by urban a n a l y s t s .  

relates t o  i t s  implementation, but i s  o f  l i t t l e  concern as long a s  I B M  7090/7094 

equipment are ub iqu i tous .  

i n t r o d u c t i o n  of t h i r d  generat ion computers. 

The disadvantage o f  Span 

However, t h i s  w i l l  n o t  be  t h e  case given t h e  p re sen t  

E s s e n t i a l l y ,  Span i s  technological ly  bound t o  t h e  IBM 7090/7094 computer 

Conversion of Span t o  another  hardware and t o  t h e  Fortran I1 monitor system. 

conf igu ra t ion  would r e q u i r e  extensive modif icat ion,  both i n  terms of  r e w r i t i n g  

t h e  package programs w r i t t e n  i n  machine language and t h e  Span Systems Supervisor  

*Span i s  r e s t r i c t e d  t o  handle only f ixed - l eng th  records,  however. 
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opera t ing  under For t r an  11. But the more s e r i o u s  problem i n  moving t o  new equip- 

ment and monitor systems, i s  t h a t  many Span f e a t u r e s  a r e  IBFI 7090/7094 f e a t u r e s  

t h a t  would no t  be d e s i r a b l e  o r  nccessary if implemented on o t h e r  computer systems. 

Span has  made some unique con t r ibu t ions  t o  t h e  c a p a b i l i t y  for  handling urban 

d a t a .  I t  is hoped t h a t  continued development of t h i s  system will r e s u l t  i n  a 

more machine-independent d a t a  manipulation language r a t h e r  than a c o l l e c t i o n  of 

package programs t h a t  ope ra t e  under a supe rv i so r  system w r i t t e n  f o r  a s p e c i f i c  

computer system. 

Assuming t h e  Span Syntax f o r  Process Control t o  be  a language r a t h e r  than 

a means of  spec i fy ing  parameters,  t r a n s l a t o r s  could be w r i t t e n  f o r  a v a r i e t y  

of  computer systems. And t h e  language could be  very s imilar  f o r  d i f f e r e n t  ' 

computer conf igu ra t ions .  

However, Span i s  ope ra t iona l  and i t  o f f e r s  g r e a t  f l e x i b i l i t y  and power i n  

accessing and manipulating d a t a .  

7094 hardware a b e t t e r  c a p a b i l i t y  f o r  handling 

For those persons having access  t o  IBM 7090/ 

urban d a t a  does n o t  e x i s t .  

Mark I11 

Mark I11 i s  descr ibed i n  general  terms f o r  persons i n t e r e s t e d  i n  urban 

a n a l y s i s  i n  r e fe rence  [15] and i s  appl ied t o  a t y p i c a l  d a t a  base problem i n  

r e f e r e n c e  [ 1 4 ] .  Mark I11 i s  of i n t e r e s t  t o  u r b a n i s t s  as an e a r l y  ve r s ion  of  

Mark comprises t h e  bletropolitan Data Center computer system [13]. The Mark I11 

system has  a l s o  been implemented f o r  managing urban d a t a  f o r  t h e  c i t y  of  

Alexandria, V i r g i n i a .  

hardware r equ i r ing  a minimum of 1 2  K core  and 4 t ape  d r i v e s  [14 ] .  

Mark I11 i s  designed and implemented f o r  IBFI  1400 s e r i e s  

The Mark I11 F i l e  Management system c o n s i s t s  of t h r e e  major subsystems: 

F i l e  Creat ion and Maintenance Subsystem, Information R e t r i e v a l  Subsystem and 

Report Generating Subsystem. 

grams, with t h e  u s e r  supplying parameters. 

Like Span, blark I11 i s  a system of package pro-  

Mark I11 does n o t  have syn tax  o r  
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2 1  

a c t i v a t e d  by Engli s h - l i k e  i n s t r u c t i o n s .  Rathcr,  t h e  parameters a r e  en te red  

on forms and converted t o  con t ro l  ca rds .  

The F i l e  Creat ion and Maintenance Subsystcrn c r e a t e s  f i l e s  on magnctic tapcs  

from punch cards  o r  card images on t a p e  f o r  u se  by t h e  o t h e r  subsystems. 

I11 has  t h e  a b i l i t y  t o  accomodate a wide v a r i c t y  of magnetic tape f i l e s .  

f i l e s  may contain v a r i a b l e  length records by means of  subrecords.  

f i r s t  l e v e l  may contain s e v e r a l  data i tcms and a count.  

developed by t h e  system and ind ica t e s  t h e  number of sub-records occurr ing a t  t h e  

second l e v e l .  Each sub-record may contain a count f o r  an a d d i t i o n a l  l e v e l  o f  

sub-records.  The Information Re t r i eva l  Subsystem is p record s c l c c t i o n  based 

upon s e q u e n t i a l  s ea rch ing  o r  t h e  in spec t ion  of every yecord t o  see i f  i t s  data 

s a t i s f y  sets  o f  l o g i c a l  c r i t e r i a  provided by the  u s e r .  F ina l ly ,  t h e  Report Gen- 

e r a t i n g  Subsystem c o n s i s t s  of forms t o  s p e c i f y  t h e  format of  r e p o r t s .  

though i t  i s  n o t  clear how much, a r i t h m e t i c  c a p a b i l i t y  is a v a i l a b l e  i n  t h i s  ou t -  

Mark 

Thcse 

Thus, t he  

The count is  automatical ly  

Some, 

p u t  package. 

Like Span, Mark 111 is designed arid implementcd f o r  a s p e c i f i c  compnter 

system. However, with t h e  a v a i l a b i l i t y  of 1401 emulators f o r  t h e  IBFI 360 and 

f o r  o t h e r  manufacturer ' s  equipmcnt, Mark I11 has a prolonged l i f e  without neces- 

s i t a t i n g  reprograming. 

Being implemented on t h e  IBbl 1401, Mark I11 does n o t  have t h e  computational 

power of Span o r  o t h e r  systems t h a t  a r e  implemented on l a rge - sca l e  computers. 

But f o r  an economic in-house da t a  processing c a p a b i l i t y  f o r  manipulating urban 

da ta ,  Mark I11 o f f e r s  a s t rong  system. 

Colingo 

A gene ra l  d e s c r i p t i o n  of t he  design philosophy of Colingo i s  presented i n  

r e fe rence  [17] and i s  appl ied t o  a d a t a  base problem i n  reference [ 9 ] ,  as a r e  

extensions Colingo C-10 and Adam. This d i scuss ion  will e s s e n t i a l l y  be confined 
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t o  t h e  o r i g i n a l  Colingo implemented f o r  a 16K IBbI  1401 computer with a u x i l i a r y  

d i sk  s t o r a g e .  However, many of the l i n i i t a t i o n s  of  Coli.ngo are n u l l i f i e d  i n  

Colingo C-10 impleincnted on the IBM 1410 and by Adam implemented on t h e  IBFI 7030. 

Colingo i s  designed t o  r e f e r  t o  d a t a  s t r u c t u r e s  through a d a t a  d i c t i o n a r y .  

Therefore,  t h e  Colingo Control Language (CCL) does n o t  r e f e r  t o  d a t a  f i e l d s  

d i r e c t l y ,  b u t  through t h e  d i c t iona ry  with t h e  property i d e n t i f i e r s . *  In  a d d i t i o n ,  

CCL has  t h e  power t o  r e d e f i n e  t h e  d i c t i o n a r y  during execut ion.  Thi.s enables  a 

g r e a t e r  f l c x i b i l i t y  i n  manipulating d a t a .  

I n  CCL, act ion-verbs and punctuation a c t i v a t e s  programs t h a t  come i n t o  use 

i n  t h e  sequence determined by t h e  CCL s t a t emen t .  

i n g  c a p a b i l i t i e s :  

CCL s ta tements  have t h e  follow- 
a 

1. Data q u a l i f i c a t i o n  ( log ica l  processing using an I F  act ion-verb.)  

2. Data computation (mathematical processing,  with COMPUTE and SORT 
act ion-verbs)  . 

3 .  Output (PRINT, REPORT, e t c .  ac t ion -ve rbs ) .  

CCL i s  both a b a s i c  query language and a l imi t ed  programming language 

approaching t h e  c a p a b i l i t y  of  general  purposc progranmiing languages. 

t h e  design o b j e c t i v e  was t o  make CCL independent o f  t h e  computer equipment con- 

f i g u r a t i o n ,  co re - s i ze  l i m i t a t i o n s  of t h e  1401 has  n e c e s s i t a t e d  some compromise. 

Although 

Thus, t h e  Colingo system chains  CCL s ta tements  and al . locates  them t o  d i s k .  

Then t h e  s ta tements  a r e  s e q u e n t i a l l y  c a l l e d  i n  by a small in -co re  execu t ive  r o u t i n e .  

The 1401 core,  ope ra t ing  under Colingo, has  room f o r  only one a c t i o n  program 

and only one d a t a  record (and i t s  desc r ib ing  d i c t i o n a r y )  t o  e x i s t  s imultaneously.  

An e n t i r e  d a t a  f i l e  i s  read and processed be fo re  Colingo ca l l s  t h e  a c t i o n  pro-  

gram corresponding t o  t h e  next act ion verb t o  process  these  d a t a  again.  The 

v a r i a b l e  names, l o g i c a l  operators ,  and a r i t h m e t i c  operat ions t h a t  are imbedded 

*Dict ionaries  a r e  c rea t ed  using a Cobol-li.ke d a t a  d i v i s i o n  f o r  format 
d e s c r i p t i o n s .  
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i n  t h e  CCL s ta tcments  a r e  t h c  paraincters f o r  t h c  ac t ion  programs. 

Colingo i s  a production system inipleincntcd 011 a siiiall aiacliine f o r  da t a  

s t o r e d  i n  s e q u e n t i a l  f i l e s .  I'r'hereas, extensions of Colingo-Colingo C-10 and 

Adam a r e  random-access o r i e n t e d ,  Colingo's more r i g i d  s t r u c t u r e  imposes an one- 

record-at-a- t ime approach t o  processing d a t a .  

are o r i e n t e d  t o  t h e  defense i n d u s t r y ' s  needs it could se rve  adequately f o r  

Although Colingo's a p p l i c a t i o n s  

manipulating urban da ta .  

Tntegrated Data S t o r e  

In t eg ra t ed  Data S t o r e  (IDS) is gene ra l ly  descr ibed i n  r e fe rence  [6] and i s  

a p p l i e d  t o  a d a t a  base problem i n  r e fe rence  [ S I .  IDS i s  a programming language 

t o  f a c i l i t a t e  t h e  o rgan iza t ion ,  s to rage ,  maintenance, and r e t r i e v a l  of d a t a  using 

a mass memory s t o r a g e  medium. IDS i s  designed t o  be implementcd i n  conjunction 

with Cobol t o  provide l i s t  processing c a p a b i l i t i e s  t h a t  a r e  no t  s p e c i f i c a l l y  

a v a i l a b l e  i n  t h e  Cobol language. 

The IDS language enables  data  d e s c r i p t i o n  by dec la r ing  t h e  ex i s t ence  of 

m a s t e r / d e t a i l  r e l a t i o n s h i p s  between records as i l l u s t r a t e d  i n  Figure 2-1.  

Figure 2 - 1 .  Schematic Diagram of  Master/Detail  

These r e l a t i o n s h i p s  a r e  implemcnted through chain l i n k  ( l i s t  processing)  tech-  

niques which c r e a t e  c i r c u l a r  o r  r ing s t r u c t u r e .  Each record i n  t h e  chain 

contains  t h e  address of t h e  nex t .  

The IDS language c o n s i s t s  of verbs ,  'such a s  STORE, RETRIEVE, BlOVE TO WORKING 
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STOIIAGE, and o the r s ,  t h a t  a r e  used within Colbol t o  a c t u a t e  l i s t  processing 

func t ions .  The JDS commands automatical ly  c r e a t e ,  maintain,  and d e l e t e  t h e  

chain s t r u c t u r e  s p e c i f i e d  i n  t h e  da t a  d e s c r i p t i o n .  

A ve r s ion  of IDS i s  a v a i l a b l e  f o r  t h e  GE-200 s e r i e s  coniputers. However, 

t h i s  ve r s ion  i s  i n t e g r a t e d  with the gene ra l  assembly language r a t h e r  than Cobol, 

t hus  making it  more d i f f i c u l t  t o  use. IDS/Cobol f o r  t h e  GE-400 and 600 s e r i e s  

computers is  p r e s e n t l y  being iinplemented and o f f e r s  t h e  f u l l  power o f  t h e  com- 

bined language. 

As such, IDS/Cobol could be implemented g e n e r a l l y  by computer manufacturers.  

IDS/Cobol i s  an extension of Cobol t o  enable l i s t  processing.  

According t o  t h e  IDS designers  t h e r e  i s  no reason why IDS-like c a p a b i l i t i e s  

cannot be  added t o  For t r an ,  Algol and PL/1 .  
4 

With IDS the  d a t a  base becomes t h e  c e n t e r  of i n t e r e s t .  The computer i s  

j u s t  a t o o l  used by t h e  u s e r ' s  program t o  f a c i l i t a t e  t h e  manipulation of t h e  da t a  

base.  The IDS commands enable both ser ia l  and random access  t o  d a t a  r eco rds .  

Other than f e a t u r e s  incorporated i n  response t o  t h e  o b j e c t i v e s  and c l i e n t e l  

f o r  IDS c a p a b i l i t i e s ,  t h e r e  i s  l i t t l e  new i n  IDS when compared t o  p rev ious ly  

developed l is t  processing languages. 
* 

IDS in t roduces  t o  bus iness  d a t a  proces-  

s i n g  a formal language c a p a b i l i t y  f o r  l i s t  processing.  Coupled with Cobol, 

l ist  processing c a p a b i l i t i e s  should prove t o  be a powerful t o o l  i n  bus iness  da t a  

processing.  

Previously developed l ist  processors ,  such as F l i p  (Fortran - - -  LIst Processor) ,  

IP-V and Lisp have no t  gained acceptance i n  t h e  business  d a t a  processing community. 

Whether re invent ing t h e  wheel i n  form of IDS will accomplish acceptance of  l i s t  

processing by t h e  business  d a t a  processors  remains t o  be  seen.  The advantages 

of IDS r e l a t e  t o  i t s  emphasis upon t h e  s t r u c t u r e  of t h e  d a t a  base,  t h e  ac tua t ion  

* 
L i s t  processing c a p a b i l i t i e s  and languages a r e  introduced i n  Part I V ,  

Chapter 9 as p a r t  of a d i scuss ion  of s t r u c t u r i n g  d a t a  i n  l i s t  form. 
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of l i s t  proccssing func t ions  by a minimal number of verbs ,  and t h c  incorporat ion 

of t h e  l i s t  proccssing verbs  i n t o  a gene ra l  programming language. lliese advan- 

t a g c s  a r e  no t  r e s t r i c t e d  t o  business-or i  ented u s e r s  and a r e  app l i cab le  t o  u s c r s  

i n  o t h e r  a r e a s .  

A g r e a t  deal  of know-how has been accumulated, i n  t h e  development of 11)s 

t h a t  i s  app l i cab le  t o  s t o r a g e  and r e t r i e v a l  of  d a t a  on urban o r  s p a t i a l  d a t a .  

IDS c a p a b i l i t y  t o  organizc,  s t o r e ,  maintain and r e t r i e v e  complex s t r u c t u r e s  o f  

d a t a ,  i s  a much needed c a p a b i l i t y  i n  handling urban d a t a .  

i n f luence  t h e  so -ca l l ed  Urban Information System i s  dependent upon t h e  acceptance 

of Cobol by t h e  urban systems people. 

processing i s  made more evident  and app l i cab le  by IDS. 

How d i r e c t l y  IDS will 

In any event ,  t h e  imp l i ca t ions  of l i s t  

I 

GIS 

The Generalized Information System (GIS) i s  an IBM-developed s e t  of programs 
* 

f o r  System/360. 

r e t r i e v a l ,  and p r e s e n t a t i o n  operat ions common t o  many a p p l i c a t i o n  areas. GIS 

enables  t h e  development of a d a t a  base i n  a convenient form f o r  access .  

a l s o  an adaptable  u s e r - o r i e n t e d  system f o r  manipulating d a t a  t o  f i t  a wide range 

of s p e c i a l  requirements.  

GIS is designcd t o  perform d a t a  f i l e  es tabl ishment ,  maintenance, 

I t  i s  

The GIS language c o n s i s t s  of a number of v a r i a b l e  parameter s t a t emen t s .  This 

allows a u s e r  t o  e s t a b l i s h  and modify con t ro l  t a b l e s ,  t o  e n t e r  t a s k  s p e c i f i c a t i o n s ,  

and t o  c o n t r o l  t a s k  execution. 

may be  e s t a b l i s h c d ,  maintained, and used.  

b i l i t y ,  GIS i s  very s e r v i c e a b l e  f o r  r e t r i e v i n g  and p resen t ing  d a t a .  

A wide range o f  f i l e  s t r u c t u r e s  and o rgan iza t ions  

As a gene ra l i zed  d a t a  handling capa- 

The f i rs t  s ta tement  of a GIS program i d e n t i f i e s  t h e  type of  job and s p e c i f i e s  

t h e  appropr i a t e  d a t a  f i l e .  One of t h e  more important s ta tements  i n  t h e  GIS 

.. 
GIS is  descr ibed i n  E121 , which i s  a v a i l a b l e  from most IEbl branch o f f i ces .  
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languagc i s  t h e  cond i t iona l  s ta tement .  

d a t a  e n t i t i e s  f o r  f u r t h e r  processing. Qualifying records a r e  placed on a tem- 

porary l i s t  f o r  subsequent processing o r  p r e s c n t a t i o n .  

Conditional s ta tements  q u a l i f y  o r  s e l e c t  

Also a v a i l a b l e  a r c  d a t a  

r educ t ion  s ta tements  t o  s o r t ,  count, t o t a l ,  and average a l i s t  of values ,  and 

procedural  s ta tements  f o r  p re sen ta t ion  o r  ou tpu t .  

I t  i s  necessary f o r  the  u s e r  t o  def ine d a t a  s e t s  t o  t h e  system. The des- 

c r i p t i o n  i s  en te red  and s t o r e d  within t h e  system i n  a permanent l i b r a r y  of  d a t a  

d e s c r i p t i o n  t a b l e s .  A d a t a  f i l e  is  s t o r e d  once, ,allowing t a s k s  t o  be executed 

a g a i n s t  i t  without f u r t h e r  reference t o  i t s  s to rage  format.  

GIS provides  f o r  i n t e r r e l a t i n g  d a t a  items i n  d i f f e r e n t  phys i ca l  d a t a  s e t s .  
6 

A l i n k  allows f o r  l oca t ing  a higher- level  item through a l o g i c a l  key, i n  t h e  case 

of  indexed s e q u e n t i a l  d a t a  s e t s ,  o r  through a r e l a t i v e  address f o r  d i r e c t  access  

d a t a  sets .  

f i l e  t o  t h e  household of a household f i l e  t h a t  made t h e  t r i p .  

For example, l inkage niay be  used t o  r e l a t e  person t r i p s  froni a t r i p  

GIS a l s o  enables  

devclopment o f  a chain of  subordinate  items t h a t  are a s s o c i a t e d  with a master 

item. 

hold master i tem. 

In t h e  t r ip-household example, a chain would be appropr i a t e  f o r  each house- 

Trips  generated by a household a r e  subord ina te  items on a 

chain f o r  t h a t  household. 

GIS promises t o  be a powerful d a t a  handling c a p a b i l i t y ,  with a g r e a t  deal  of  

f l e x i b i l i t y  t o  respond t o  a wide v a r i e t y  of problems and a p p l i c a t i o n s .  

cedures a r e  incorporated i n t o  GIS  t o  handle problems a s s o c i a t c d  with s p a t i a l  d a t a ,  

GIS w i l l  s e rve  t h e s e  d a t a  handling needs very adequately.  

r educ t ion  s ta tements  t o  determine whether a p o i n t  i s  wi th in  a polygon, t o  ca l cu -  

I f  pro- 

For example, d a t a  

l a t e  an a r e a ,  and t o  perform simple s t a t i s t i c a l  t e s t s ,  a r e  e s s e n t i a l  needs i n  

handling of  s p a t i a l  d a t a .  

More s o  than IDS, GIS o f fe r s  a gene ra l i zed  da ta  handling c a p a b i l i t y  f o r  t h e  

manipulation of complex d a t a  s t r u c t u r e s .  Fu r the r  GIS i s  no t  embedded i n  an 

e x i s t i n g  language (Cobol), which is  un fami l i a r  t o  u r b a n i s t s .  Upon widespread 
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implementation of GIs, t h e r c  will be considcrable  experimentation i n  i t s  usc f o r  

urban and s p a t i a l  d a t a .  

On-Line D a t a  hlanagement Sys tem 
* 

Fina l ly ,  an on - l ine  d a t a  management system f o r  t h e  Massachusetts General 

Hosp i t a l  developed by Bolt Beranek and Newman, Inc.  i s  b r i e f l y  dcscr ibed [ 8 ] .  

This system was developed f o r  research purposes and not  f o r  l a r g e - s c a l c  produc- 

t i o n .  The p r i n c i p a l  funct ion of the system is t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  of  

u s ing  a computer t o  handle t h e  real- t ime medical a d m i n i s t r a t i v e  operat ions of a 

h o s p i t a l .  I ts  relevance t o  processing urban d a t a  i s  due t o  on - l ine  r e t r i e v a l  

c a p a b i l i t i e s  and because of i t s  s p e c i a l i z e d  design f o r  r e t r i e v a l  from complex 

d a t a  s t r u c t u r e s .  
a 

The system i s  implemented on a t ime-shared coinputer s e r v i c i n g  48 remote 

t e l e t y p e s .  

D i g i t a l  Equipment Corporation PDP-1 computer, a 50-mil l ion-character  UNIVAC 

The hardware configurat ion of t h e  computer system includes a modified 

Fastrand drum, two magnetic t ape  u n i t s ,  and a small 400-thousand-character drum. 

Only 4,000 words of t h e  24,000 word computer i s  a v a i l z b l e  f o r  running a u s e r  

program. The small drum i s  used f o r  program s t o r a g e  during multi-programming 

and t h e  b i g  drum and magnetic tapes are used f o r  bulk s t o r a g e  of  d a t a  and l i b r a r y  

programs. The 4K s t o r a g e  f o r  u s e r  programs, small b u f f e r s ,  10 c h a r a c t e r  per-second 

t e l e t y p e  output ,  and one-tenth of a second drum access preclude l a r g e - s c a l e  pro-  

duc t ion .  

The one-l ine d a t a  management system i s  designed f o r  use by t h e  non-programmer. 

A l l  u s e r  programs appear t o  u s e r s  i n  t h e  form of question-answer type of dialogue 

and provide abundant checking of both semantic and s y n t a c t i c  e r r o r s ,  e r r o r  

messagcs, f a c i l i t a t e s  f o r  co r rec t ing  e r r o r  e a s i l y ,  and r a p i d  v e r i f i c a t i o n  of un- 

coded e n t r i e s .  Use of t h e  system c o n s i s t s  of c a l l i n g  a d e s i r e d  program froni t h e  

l i b r a r y  v i a  t h e  t e l e t y p e  terminal .  Then t h e  user  c a r r i c s  on a dialogue with the  
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. 

computer, with t h e  user-program ac t ing  as intermcdiary.  

logue, a s  wel l  as t h e  a c t u a l  funct ions performed, a r c  detcrmincd by the  prograiii, 

t h e  u s e r ,  and t h e  c u r r e n t  d a t a .  

The course of t h e  d i a -  

For example, t h e r e  i s  a general-purpose r e t r i e v a l  program which accepts  any 

Boolean o r  a r i t h m e t i c  combjnation of f i e l d s  as a s e l e c t o r .  A l i n e a r  search i s  

performed on t h e  f i l e  t o  f i n d  records f i t t i n g  t h e  s e l e c t o r .  

The ope ra t ion  of t h e  general ized da ta  inpu t  and r e t r i e v a l  system i s  based 

011 t h e  answers t o  s p e c i f i c  u s e r  program ques t ions .  

approaching a programming language. 

are s t o r e d  as parameters i n  t h e  program o r  i n  t h e  f i l e  i t s e l f .  

t e r p r e t s  t hese  answers and perforins i t s  func t ion  immediately. 

There i s  no need f o r  anything 

Answers, o f t e n  a simple "yesf1 o r  "no," 

The program i n -  

. 
The above d e s c r i p t i o n  i s  e s s e n t i a l l y  a d i r e c t  e x t r a c t i o n  from t h e  desc r ip -  

t i o n  of t h e  system contained i n  [8] .  

t h i s  system i s  t o  i l l u s t r a t e  t h e  approach t o  t h e  development of an on - l ine  

r e t r i e v a l  system. 

Anether i n t e r e s t i n g  f e r t u r e  of the  system is t h e  mcthod of d e f i n i n g  a f i l e  s t r u c -  

t u r e  and t h e  d e t a i l s  of  r e t r i e v i n g  from t h e s e  f i l e s .  

The purpose of including a discussion of 

The on - l ine  o r i e n t a t i o n  engenders d i f f e r e n t  design responses .  

I t  i s  s a f e  t o  assume t h a t  r e t r i e v a l  systems €or urban d a t a  will move i n  t h e  

d i r e c t i o n  of r ea l - t ime  c a p a b i l i t i e s .  

time-shared, on - l ine  systems. 

Newman's endeavor w i l l  prove use fu l ;  more u s e f u l  than gene ra l i zed  on-l ine pro-  

gramming systems because of t h e  f i l e  o r i e n t a t i o n  of t h e  system. 

These c a p a b i l i t i e s  will be r e a l i z a b l e  v i a  

The experience as i l l u s t r a t e d  by Bolt  Beranek and 

S t a t u s  o f  Urban Data Handling C a p a b i l i t i e s  

I t  appears t h a t  u r b a n i s t s  are n o t  l eade r s  i n  adapting t o  a v a i l a b l e  technology. 

There are many f e a t u r e s  o f  the above descr ibed systems t h a t  are  app l i cab le  t o  

processing urban d a t a ,  b u t  t h a t  have no t  been used.  The usab le  supply and u t i l i t y  

of  d a t a  can be inc reased  by u t i l i z a t i o n  of a v a i l a b l e  systems technology. 

There i s  an inunense number of a l t e r n a t i v e s  a v a i l a b l e .  For t h e  urban a n a l y s t ,  
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t h e  prob1ciii i s  l a r g c l y  one of  specifying a s e t  o f  problems i n  terms t h a t  a 

systems configurat ion can be deteiiiiined. ‘ k c  dcniands f o r  da t a ,  i n  e x p l i c i t  

form, would s u r e l y  be  augmented by creati-ng an e f f i c i e n t  and f l c x i b l e  d a t a  

handl ing c a p a b i l i t y .  

urban problems a r e  n o t  pu t  i n  e x p l i c i t  demand form. 

Without such a c a p a b i l i t y  t h e  quest ions r e l a t i n g  t o  

Adapting c a p a b i l i t i e s  from o the r  a r e a s  i s  no t  s u f f i c i e n t .  Urban d a t a  

systems a r e  composed l a r g e l y  of data  on s p a t i a l l y  d i s t r i b u t e d  phenomena. 

S to r ing  and handling s p a t i a l  d a t a  i s  u n l i k e  t h e  problems of bus iness  d a t a  

processing and s c i e n t i f i c  computation, and new conccpts and new systejlls 

approaches a r e  necessary t o  enable accessing s p a t j  a1 d a t a .  A comprehensive 

d i scuss ion  of s p a t i a l  d a t a  i s  presented i n  t h e  next  chapter .  
4 



30 

Ref ercnces 

1. 

2. 

3. 

4. 

5. 

6.  

7. 

8 .  

9. 

10. 

11. 

1 2 .  

13. 

14. 

Almendinger, Vladmir, "Span: A System f o r  Data Flanagement , " Containcd i n  
Rogers [16] .  

, Span Reference -- blanual: Span System Operation, Sys tcm 
Development Corporation, TM-l5G3/010/01, February 1965, (AD 613284) . 

, Span Reference Manual: Span Data Transformations and -~ 
S t r a t i f i c a t i o n  Capab i l i t y ,  System Development Corporation, Ti\I-1563/014/01, 
March 1965, (AD 613285). 

, Span Reference Manual: Data F i l e s  blanipulation and 
Processing, Systems Development Corporation, "IN-1563/0121/01, March 1965, 
(AD 613289). 

Backman, Charles W . ,  " Integrated Data S t o r e , "  Contained i n  Baum and Gorsuch [7].  

and S. B. Williams, "A General Purpose Programming System 
f o r  Random Access blemories, 
1964, Vol. 26, p .  411. 

AFIPS F a l l  J o i n t  Computer Conference Proceedings 

Baum, C.  and L.  Gorsuch ( e d s . ) ,  Proceedings of t h e  Second Symposium on Com- 
puter-Centered Data Base Systems, System Development Corporation, Tb1-2624/100/00, 
1965, (AD 625417). 

Castleman, Paul A . ,  "On-Line Eata Management System fox t h e  Massachusetts 
General Hospi ta l ,"  Contained i n  Baum and Gorsuch [7] .  

Cataldo, Frank, "Three Colingo-like Approaches t o  t h e  Data Base Problem, Ii 
Contained i n  Baum and Gorsuch [ 71 . 
Grundstein, Nathan D . ,  "Urban Information Systems and Urban Management Decisions 
and Control," Proceedings of t he  Third Annual Conference On Urban Planning 
Information Systems and Programs, American Society of Planning O f f i c i a l s  and 
Nerthwestern Universi ty ,  1965. 

Issacs, Herbert  H . ,  User-Oriented Information Systems f o r  S t a t e  and Local 
Government, System Development Corporation, SP1988, 1965, (AD 612997). 

I n t e r n a t i o n a l  Business blachines Corporation, Generalized Information System: 
Application Descr ipt ion,  White P 

Medin, Anthony C . ,  "Developing a 
Operation, Contained i n  Rogers 

Post ley,  John A . ,  "Mark I11 File 
Gorsuch [ 71 . 

sins, N . Y . ,  1965. 

Data System P r o j e c t  from a Concept t o  Working 
161. 

Management System, I'  Contained i n  Baum and 

Documents with AD numbers a re  ava i  1 ab l e  from: U . S . Department of  Commerce, 
Office of Technical Se rv ices ,  hJashington 25, D. C. 



31 

References (Cont Id) 

15. Pos t ley ,  John A . ,  "A General Purpose Urban hlanagcnicnt Data Systcm," Pro-  
ceedings o f  t h e  Tiiird Aiiiiual Conference on iJrLan Iiifol-iiiation Systcii isand 
Programs, American Socie ty  o f  Planning O f f i c i a l s  and Northwestern Univers i ty ,  
1965. 
-- 

16. Rogers, Clark D .  (ed.)  Urban Information and Pol icy  Decisions,  I n s t i t u t e  of 
Local Government, Graduate School o f  Publ ic  and l n t c r n a t i o n a l  Affairs, 
Un ive r s i ty  of P i t t sbu rgh ,  1965. 

17. S p i t z e r ,  J . F . ,  J . G .  Robertson, and  D . H .  Neuse, The Colingo Design Philosophy, 
The Mitre Corporation, November 1964, (AD 608833). 



CFIAPTIX 3 .  NATURE OF SPATIAL-TEMPOMI, DATA. 

I n t roduc t ion  

To u r b a n i s t s  t h e  concern j.s with d a t a  on s p a t i a l l y  d i s t r i b u t e d  phenomena 

and r e l a t i o n s h i p s  between phenomena. The n a t u r e  of phenomena, p l a c e s ,  and 

r e l a t i o n s h i p s  i n  time and space i s  i n v e s t i g a t e d  he re .  This  chap te r  provides  

a d e t a i l e d  d i scuss ion  o f  spat ia l - temporal  d a t a .  I t  reviews and introduces fun- 

damental concepts concerning t h e  var ious a s p e c t s  of  d a t a .  

d e t a i l e d  t reatment  i s  t o  provide a framework f o r  t h e  d i scuss ion  and deve1o;- 

The purpose of t h i s  

ment of  d a t a  systems f o r  t h e  management of s p a t i a l l y  d i s t r i b u t e d  urban d a t a .  

D e f i n i t i o n  of  Data 

When phenomena from t h e  r e a l  world a re  observed and recorded, d a t a  a re  

c r e a t e d .  These observat ions a r e  o f t e n  q u a n t i t a t i v e l y  measured. Q u a n t i t a t i v e  

d a t a  a r e  c o l l e c t i o n s  of  va lues  of  s e l e c t e d  p r o p e r t i e s  of e n t i t i e s .  [SI Values 

are  a measurement of  a property and a r e  measured on a nominal, o r d i n a l ,  i n t e r v a l  

, 

or r a t i o  s c a l e . *  An e n t i t y  i s  an observat ion on a phenomenon. Phenomena endure 

through time, whereas e n t i t i e s  a r e  obse rva t ions  upon a phenomenon a t  a po in t  i n  

time or f o r  some s p e c i f i c  t ime i n t e r v a l .  A set  of  e n t i t i e s  o r  a f i l e  i s  composed 

of d i s c r e t e  obse rva t ions .  E n t i t i e s  a re  observat ions on phenomena having similar 

c h a r a c t e r i s t i c s ,  such a s  persons employed i n  a c e r t a i n  i n d u s t r y ,  persons posses- 

s i n g  v a l i d  d r i v e r s  l i c e n s e ,  o r  v e h i c l e  t r i p s  o f  a s p e c i f i c  t y p e .  Symbolically 

v i s  a va lue  f o r  t h e  i t h  property of t h e  - i t h  e n t i t y .  The matr ix  Vmn c o n s i s t s  of  i j  

*See Hodge [ 3 ]  o r  Siege1 [6] f o r  a d i scuss ion  of  measurcment s c a l e s  f o r  quan- 
t i t a t i v e  d a t a .  Non-quant i ta t ive data must  e x i s t  i n  o t h e r  forms. Welt [SI  argues 
t h a t  "information begins with da t a ,  which then a r e  given s u p e r s t r u c t u r e  of lan-  
guage..  .If C a p a b i l i t i e s  f o r  processing information i n  i t s  n a t u r a l  English 
language forin a r e  being developed. Synthex has  been developed a t  SDC t o  ansiicr 
English quest ions posed t o  a computer-stored f i l e  o f  English t e x t  m a t e r i a l .  [4]  
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m e n t i t i e s  and 11 - p r o p e r t i e s .  - 

Data a r c  of two types--content d a t a  and p l a c e  da t a .  Content d a t a  r c l n t c  . 
t o  recorded observat ions upon phenomena and p l ace  d a t a  r e l a t e  t o  geometric 

c h a r a c t e r i s t i c s  of segments of space. Content d a t a  r e f e r s  t o  observat ions on 

phenomena t1ia.t occupy a p a r t i c u l a r  p l a c e  a t  a p a r t i c u l a r  t i n e .  On t h e  o t h e r  

hand, only p r o p e r t i e s  of  s i ze ,  shape, a r e a ,  and connec t iv i ty  of space a r e  

considered p l a c e  da t a .  
* 

Content d a t a  have t h r e e  elements o r  dimensions: 

1) Phenomena 

2 )  Location 

3) Time 
. 

Geographic d a t a  must possess  a l l  t h r e e  elements.  The c l a s s  o r  type of phenomena 

t h a t  i s  t o  be observed must be spec i f i ed .  S imi l a r ly ,  t h e  loca t ion  and time of 

observing phenomena must be s p e c i f i e d .  For content  d a t a ,  t he  ent.i.ty s t r u c t u r e  

i s  def ined by t h e s e  dimensions. 

P r o p e r t i e s  of Data 

Almendinger [ l ,  p .  161 p a r t i t i o n s  p r o p e r t i e s  i n t o  two types--code and 

v a r i a b l e s .  

e n t i t i e s  t o  one another .  

Me de f ines  codes as e i t h e r  i d e n t i f y i n g  p a r t i c u l a r  e n t i t i e s  o r  r e l a t i n g  

Variables a r e  def ined t o  be  "pr imari ly  obsc rva t iona l  

i n  o r i g i n  and r ep resen t  computation d a t a  f o r  an e n t i t y . "  This d i v i s i o n  of prop- 

e r t i e s  does not  account f o r  t h e  in-between a rea ,  i . e . ,  codes i d e n t i f y i n g  a c las-  

s i f i c a t i o n  scheme of v a r i a b l e s ,  nor does i t  account f o r  d i f f e r e n t  types of  

v a r i a b l e s .  

For t h e  purpose of t h i s  discussion,  p r o p e r t i e s  are p a r t i t i o n e d  i n t o  t h e  

fol lowing types based upon measurement s c a l e s :  

* 
This terminology i s  from Thomas [7]  and i s  adopted he re  t o  achieve cons i s -  

tency f o r  i n v e s t i g a t i o n s  conducted as p a r t  of Contract  Nonr 1228(37) ,  Department 
of Geography, Northwestern Universi ty .  
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1. Location codes i d e n t i f y  o r  l oca t c  individual  e n t i t i c s  o r  s e t s  of - I 

e n t i t i e s .  The e n t i t i e s  a r e  p a r t i t i o n e d  i n t o  mutually exc lus ivc  

c l a s s e s  represented by symbols t h a t  crpress equivalencc f o r  

e n t i t i e s  of t h e  same c l a s s .  This system of c l a s s e s  c o n s t i t u t e s  

a nominal s c a l e .  

s c a l e  loca t ion  code. 

t h e i r  county of res idence.  

l e n t l y  loca t ed .  

A person's county of r c s idcncc  i s  a nominal 

I t  i s  merely a p a r t i t i o n i n g  of  persons by 

A l l  persons i n  a county a r e  equiva- 

The name method of l oca t ion  i d e n t i f i c a t i o n  as used by 

Barraclaugh [2]  i s  an example of measurement on a nominal s c a l e .  

The name method of geographic i d e n t i f i c a t i o n  i s  t h e  designat ion 

of a name o r  code f o r  a r e a l  u n i t s  de l inea ted  on a map. The map 

i s  a necessary adjunct  f o r  determining t h e  r e l a t i o n s h i p  of 

a r e a l  u n i t s  from t h e i r  codes. Census t racts ,  school d i s t r i c t s ,  

and count ies  a r e  u s u a l l y  r e f e r r e d  t o  by t h e i r  name o r  code. 

a 

Geographic i d e n t i f i c a t i o i i  us ing  a coordf--  Illate systcn i s  

s u b j e c t  t o  a h ighe r  order of manipulation. 

a r e  values  on a r a t i o  measurement s c a l e .  Coordinates n o t  only 

provide unique i d e n t i f i c a t i o n  of l o c a t i o n s  bu t  d i s t a n c e s  between 

coordinate  values  can a l s o  be c a l c u l a t e d .  

C l a s s i f i c a t i o n  codes a r e  of three types as d i s t ingu i shed  by 

measurement s c a l e .  

a .  

Location coord ina te s  

-- 

2. 

Elements of a s e t  may be p a r t i t i o n e d  i n t o  a r b i t r a r y  - Non- 

ordered Groups i d e n t i f i e d  with codes. These codes o r  

symbols a r e  measurements 011 a nominal s c a l e .  

c l a s s i f i c a t i o n  i s  a p a r t i t i o n i n g  of land uses. 

and indus t ry  b r e a k d o ~ n s  a r e  non-ordered groupings represented 

by c l a s s i f i c a t i o n  coc!es. 

A land use  

Occupation 

C l a s s i f i c a t i o n  of persons by sex 
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and r ace  a l s o  f a l l  i n  this category, as do v e h i c l e  l i c e n s e  

numb c rs . 
b.  Elenicrits of a s e t  may be p a r t i t i o n e d  i n t o  a r b i t r a r y  Ordcred 

Groups i d e n t i f i e d  with codes. 

t h e  o r d i n a l  s c a l e .  For example, c l a s s i i i c a t i o n  of o c c u p a t i o ~ : ~ ,  

phys i ca l  condi t ions,  s o c i a l  rank, and r a t i n g s  may be h i e r a r c h -  

i ca l .  

- 

These codes o r  symbols a r e  on 

c .  Data c a t e g o r i e s  r e f e r  t o  a code assigned t o  c l a s s  i n t e r v a l s  

of  va lues  measured on a r a t i o  o r  i n t e r v a l  s c a l e .  These 

codes a r e  s u b j c c t  t o  ranking and t h e  d i s t a n c e  between c l a s s e s  

i s  known. Therefore these  values  a r e  on an i n t e r v a l  s c a l e .  a 

Examples a r e  t h e  r ep resen ta t ion  of age, income and t ime 

c a t e g o r i e s  by codes.  

3 .  Variables  a r e  values  measured on t h e  i n t e r v a l  o r  r a t i o  s c a l e .  

a. I n t e r v a l  v a r i a b l e s  are p r o p e r t i e s  whose values  possess  a 

de f inab le  u n i t  of measurement capzble of r ep resen t ing  thc d i s -  

tance bctween any two values .  I n t e r v a l  s c a l e s  have a r b i t r a r y  

zero p o i n t s .  Examples are  s c a l e s  measuring temperature and 

time. 

b. Ratio v a r i a b l e s  are p r o p e r t i e s  whose values  a r e  a d d i t i v e .  

Rat io  measurements have meaning both f o r  t h e  d i s t a n c e  between 

values  and f o r  t h e  r a t i o s  of  t h e i r  valucs  from an abso lu te  

zero p o i n t .  Distance and weights a r e  examples. 

The above c l a s s i f i c a t i o n  of  p r o p e r t i e s  i s  formulated t o  be c o n s i s t c n t  with 

methods of d a t a  rec,ording and w i t h  methods of measurement. A c l a s s i f i c a t i o n  of 

p r o p e r t i e s  f o r  real-world d a t a  i s  s i g n i f i c a n t  i n  t h a t  one can determine t h e  kinds 

of  manipulation of valucs t h a t  a r e  v a l i d .  In a d d i t i o n ,  S i egc l  [GI d i scusses  t h e  

l e v e l s  of measurement and t h e  s t a t i s t i c s  appropr i a t e  t o  each l e v c l .  The powcr 
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of  a va luc  detcrminecl by t h e  mcasureine~it s c a l e  uscd p l ays  a l a r g e  r o l c  i n  

s e l c c t i n g  t o o l s  f o r  a n a l y s i s  of d a t a .  ,. 

Data E n t i t i e s  ., 
Thc u n i t s  f o r  observing phenomena a r e  detcrmincd and statccl i n  terms of 

t h e  dimensions--phenomena, l oca t ion ,  and t ime .  Data a r e  observat ions upon 

some s e t  o f  phenomena, constrained by l o c a t i o n  and t ime. These d a t a  may be 

organized as d i s c r e t e  observat ions upon each phcnoinenon o r  as  aggregates  

organized by l o c a t i o n  and/or t i m e .  

Content d a t a  organized and aggregated by l o c a t i o n  a r e  commonly c a l l c d  

a r e a l  d a t a .  Typical examples of  a r e a l  d a t a  a r c  census t r a c t s  o r  t r a f f i c  zones. 

The a c t u a l  phenomena of  i n t e r e s t  may be housing u n i t s ,  households, persons,  

o r  t r i p s ,  but  t h e  u n i t  of observat ion o r  t h e  e n t i t i e s  a r e  areal  u n i t s .  In  

a r e a l  d a t a ,  l o c a t i o n  d e f i n e s  t h e  e n t i t y  s t r u c t u r e .  The phenoinena a r e  secondary 

t o  t h e  pr i -ncipal  argument of l o c a t i o n .  

Content d a t a  organized and aggregated by time i n t e r v a l s  a r e  commonly 

c a l l c d  t ime s e r i e s  d a t a .  Typical ly  such t ime i n t e r v a l s  as day, wcck, month, 

q u a r t e r ,  year  and decade a re  used. Observations,  o r  phenomena, such a s  employ- 

ment, populat ion,  production, and s a l e s  a r e  o f t e n  aggregated t o  t ime i n t e r v a l s  

f o r  a n a l y s i s  of v a r i a t i o n  over time. In  t ime s e r i e s  d a t a ,  t h e  e n t i t y  i s  

def ined by t h e  p r i n c i p a l  argument of t ime.  

P l ace  Types 

Data on s p a t i a l  phenomena are r e l a t e d  t o  t h r e c  types of p l aces  o r  r eg ions .  

The f irst  type of  p l ace  i s  t h e  coordinate  r cg ion .  

a r e  a r b i t r a r y  groupings of  coordinate  r eg ions .  

uniform d a t a  region.  As t h e  n m c  implies  t h i s  l a t t e r  c l a s s  r e l a t e s  t o  a r c a s  

of  homogeneous func t ion .  

Secondly, query r eg ions  

The t h i r d  t y p e  of a r e a  i s  a 
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Coordinate Regi.ons 

A coordinate i s  O I I ~  of  a set  o f  niiml~ci-s which l o c a t e  a po in t  i n  S ~ X ~ C C .  

Coordinate r eg ions  a r c  an exhaustive p a r t i t i o n i n g  of  t h e  s tudy s u r f a c c  i n t o  

unj form s p a t i a l  a r e a s  whose dimensions equal t h e  fineiiess o r  accuracy of t h e  

coord ina te  system. 

devclopmcnt of  t h c  o t h e r  two types of a r e a s .  

r e g i o n s  are  defined i n  terms of coordinate  r eg ions .  

The exj s t ence  of coord ina te  r eg ions  i s  necessary f o r  t h e  

Query regions and uniform d a t a  

Query Regions 

Query r eg ions  a r c  a r b i t r a r i l y  d e l i n e a t e d  p l a c e s .  These r eg ions  a re ,  f o r  

t h e  convenience of machine processing, expressed a s  polygons and a r e  a grouping 

of  coord ina te  r eg ions .  

used t o  approximate t h e  shape o f  any conventional a r e a l  u n i t  of  i n t e r c s t .  Ad- 

m i n i s t r a t i v e ,  p o l i t i c a l ,  a n a l y s i s ,  and s o c i a l  a r e a s  can be dcscr ibed as poly- 

gons. 

d a t a .  

qucry r eg ions .  

coord ina te  p a i r  i s  wi th in  a polygon." 

a r e  wi th in  a query r eg ion  t h e  d a t a  may be aggregated t o  form a new e n t i t y  

whose p r i n c i p a l  argument i s  loca t ion .  

This  grouping of  coord ina te  r eg ions  o r  polygon i s  

Query r eg ions  a r e  o f t e n  used f o r  c o l l e c t i n g  and aggregat ing con ten t  

Census t r a c t s  a r e  a r b i t r a r y  a r e a l  u n i t s  t h a t  f a l l  w i th in  t h e  class of 

Content d a t a  r e l a t e d  t o  a query region by t e s t i n g  whcther a 

Once t h e  determinat ion of whether d a t a  

Uniform Data Rcgions 

The uniform d a t a  r eg ion  has a v e r y  r e s t r i c t i v e  purpose.  The uniform d a t a  

Phenomena hzve r eg ion  i s  a dev ice  t o  i n d i c a t e  the  areal  ex ten t  of  phenoniena. 

l o c a t i o n a l  p r o p e r t i e s .  These p r o p e r t i e s  may be approximated by a s i n g l e  coor- 

d i n a t e  p a i r  o r  by de f in ing  a region t o  approximate t h e  ex ten t  o f  a phenomenon. 

. 

*Methods f o r  dctcrmining whether p o i n t s  a re  i n  a polygon a r e  discussed i n  
Part I V ,  Chaptcr 11. 
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An example b e s t  i l l u s t r a t e s  the need and func t ion  of a uniform d a t a  region.  

A coord ina te  region of  r e s o l u t i o n  10 or 100 f e e t  may not  e n t i r e l y  inc lude  t h e  

whole func t ion  of a s i n g l e  phenomenon. An i n d u s t r i a l  p l a n t  t h a t  covers a number , p  - 

of acres and a number of  coordinate  reg ions  is  u s u a l l y  descr ibed  a s  a s i n g l e  

e n t i t y  or observat ion with a loca t ion  proper ty  of a s i n g l e  coord ina te  p a i r .  

t h e  reg ion  t h a t  t h e  i n d u s t r i a l  p l an t  covers i s  descr ibed  a s  a polygon it is  then 

poss ib l e  t o  r e l a t e  t h e  s i n g l e  e n t i t y  t o  any of t h e  included coord ina te  regions.  

If 

i *  

This is  of s i g n i f i c a n c e  where a query reg ion  conta ins  a p o r t i o n  of a uniform d a t a  

region bu t  no t  t h e  s i n g l e  coordinate  p a i r  t h a t  i s  t h e  conventional l oca t ion  

proper ty  of  t h e  e n t i t y .  By t e s t i n g  f o r  i n t e r s e c t i o n  of t h e  uniform d a t a  region 

and t h e  query reg ion  these  ambiguous s i t u a t i o n s  a r e  avoided. 

Uniform d a t a  regions are a r b i t r a r y  a reas  t h a t  are def ined  t o  be homogeneous 

and r e l a t e  s i n g l e  phenomena t o  p laces .  The e n t i t y  s t r u c t u r e  de f ines  t h e  cr i ter ia  

f o r  uniform d a t a  reg ions .  Ownership 

e n t i t i e s  and i n d u s t r i a l  es tabl ishments  a r e  examples of  e n t i t y  s t r u c t u r e s  de f in ing  

what may be overlapping or contained uniform d a t a  r eg ions .  

These may or may no t  be mutually exc lus ive .  

Dimensions of Data 

A phenomenon can be considered t o  occupy a loca t ion  i n  n-dimensional space.  

The dimensions correspond t o  p rope r t i e s .  

r e s u l t  i n  a s e t  of p o i n t s  i n  n-dimensional space.  

Observations on a s e t  of phenomena 

The va lue  of a proper ty  d e t e r -  

mines t h e  d i s t ance  of t h e  po in t  from t h e  o r i g i n  on t h e  a x i s  corresponding t o  t h a t  

. proper ty .  

A set or f i l e  of d a t a  c o n s i s t s  of e n t i t i e s  having common p r o p e r t i e s .  A s e t  

of d a t a  has a t  least one dimension with a l l  p o i n t s  having t h e  same value .  

va lue  r e s t r i c t s  t h e  loca t ion  of  a l l  p o i n t s  i n  n-space and each po in t  l i e s  on a 

hyperplane defined by t h e  common value.  

an aerial photo have a common value f o r  time and l i e  on a hyperplane def ined  by 

t h a t  time value.  

This 

For example, a l l  o b j e c t s  e x t r a c t e d  from 



39 

1 The n-dimensional space concept is  an extension of t h a t  space-time domain 

. used i n  d i scuss ing  t h e  supply o f  urban d a t a  i n  Chapter 2 .  The space-time domain 
' .* - 

i s  a four-dimensional space,  with two dimensions a c t i n g . a s  t h e  s p a t i a l  s u r f a c e  
I . of  t h e  e a r t h  as represented  by a geographic coord ina te  sys,tem, t h e  t h i r d  dimension 

. I  

a measurement s c a l e  f o r  an observed va lue ,  and t h e  fou r th  dimension r ep resen t ing  

time. 

of a th ing  be v a r i a b l e  r a t h e r  than s i n g u l a r .  

Extending t h i s  t o  n-dimensions merely le ts  t h e  number of observed p r o p e r t i e s  

To i l l u s t r a t e  t h e  dimensions of  d a t a  t h e  following example i s  presented .  

Consider t h e  problem of analyzing t h e  t r a v e l  behavior  of a sample of  households. 

One se t  of  observat ions i s  made upon t h e  household i t s e l f  t o  assist i n  t h e  

determinat ion of t he  e f f e c t  of family composition, occupation, income, e t c .  upon 

t h e  fami ly ' s  t r i p  making behavior .  I n  add i t ion ,  c h a r a c t e r i s t i c s  f o r  each t r i p  

may be c o l l e c t e d ,  and analyzed sepa ra t e ly  o r  aggregated t o  t h e  household l e v e l  

for a n a l y s i s  of households. 

behavior ,  t h e  t r i p  c h a r a c t e r i s t i c s  are observed a s  p r o p e r t i e s  of  t h e  household, 

e.g. ,  t o t a l  number of t r i p s  by type taken on day p r i o r  t o  t h e  in te rv iew.  

Confining t h e  example t o  ana lys i s  of household t r i p  

Each observed c h a r a c t e r i s t i c  of t h e  household is  a proper ty  o r  dimension 

of d a t a .  

according t o  t h e  observed va lues  o f  each proper ty .  

occupation, and family s ize  determines t h e  p o i n t  l oca t ion  of  each household 

Each household is  a da ta  p o i n t  pos i t i oned  i n  n-dimensional space 

Values f o r  income category,  

observa t ion .  

P r i n c i p a l  Dimensions 

The p r i n c i p a l  dimensions o r  elements of conten t  d a t a  are f u r t h e r  explored.  

P r i n c i p a l  dimensions a r e  those p rope r t i e s  t h a t  de f ine  t h e  c l a s s  of phenomena t o  

be observed and t h a t  l i m i t  t h e  extent  of t h e  d a t a .  

select se t  of a l l  dimensions which are e s s e n t i a l  f o r  c o l l e c t i n g ,  s t o r i n g ,  r e t r i e v -  

P r i n c i p a l  dimensions are a 

ing,  and manipulating da ta .  The p r i n c i p a l  dimensions o r  elements of conten t  d a t a  
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are phenomena, l oca t ion ,  and time. 

By spec i fy ing  t h e s e  dimensions, content  d a t a  a r e  organized t o  a d i s c r e t e  

,*  - e n t i t y  f o r  each phenomenon, areal da ta ,  o r  t ime-ser ies  d a t a .  This s p e c i f i c a t i o n  
9 

of p r i n c i p a l  dimensions is done by means o f ,  what i s . t o  be c a l l e d ,  arguments. 

With a r e a l  da t a ,  l oca t ion  is  t h e  primary argument. With time s e r i e s  da t a ,  time 

is  t h e  primary argument f o r  s t r u c t u r i n g  t h e  phenomena t o  e n t i t i e s .  

Phenomena Dimension 

O f  a l l  p o s s i b l e  th ings  o r  phenomena t h a t  may be observed, subse t s  must be 

s e l e c t e d .  The more s e l e c t i v e  one is, i n  def ining a subse t  of phenomena f o r  

observat ion,  t h e  fewer degrees of  freedom, o r  fewer p r o p e r t i e s  are v a r i a b l e .  

t h e  d e f i n i t i o n  restricts t h e  type of  phenomena t h a t  a r e  e l i g i b l e  f o r  i nc lus ion ,  

t h e s e  def in ing  p r o p e r t i e s  a r e  i m p l i c i t l y  common and t h e  number of v a r i a b l e  dimen- 

s i o n s  a r e  e f f e c t i v e l y  reduced. 

d a t a  be t h e  phenomena dimension. 

If 

Let t h i s  s e l e c t i o n  of  phenomena o r  d e f i n i t i o n  of  

The phenomena dimension inc ludes  p r o p e r t i e s  f o r  

which values  are he ld  cons tan t .  

l i e  on t h e  phenomena dimension. 

To be e l i g i b l e  f o r  i nc lus ion ,  a phenomenon must 

For example, households a r e  defined by t h e  sample procedure and by t h e  de f -  

i n i t i o n  of  t h e  type  of  grouping of persons t h a t  a r e  e l i g i b l e  a s  being considered 

households. 

o f  populat ion and housing da ta .  

geneous items t h a t  possess  similar p r o p e r t i e s  t o  be measured. 

b a s i c  s i m i l a r i t y  of housing u n i t s ,  comparative d a t a  can be observed. These 

observa t ions  are values  f o r  p rope r t i e s  common t o  a l l  o r  most housing u n i t s .  

P rope r t i e s  such as condi t ion ,  age, va lue  o r  r e n t ,  and s i z e  a r e  r e l evan t  t o  a l l  

housing u n i t s .  

observed using t h e s e  p r o p e r t i e s .  

excludes these  d i f f e rences .  

S imi l a r ly ,  housing u n i t s  a r e  def ined  as a u n i t  f o r  c o l l e c t i n g  census 

These terms are used t o  de f ine  reasonably homo- 

Because o f  t h e  

On t h e  o t h e r  hand, n o n - r e s i d e n t i a l  bu i ld ings  a r e  inadequately 

* The d e f i n i t i o n  of  t h e  housing u n i t  e n t i t y  

S imi la r ly  t h e  p r o p e r t i e s  used t o  determine household 



t r a v e l  behavior  may not  be s u i t a b l e  f o r  cha rac t e r i z ing  ind iv idua l s  o r  commercial, 

t r a v e l  behavior .  The d e f i n i t i o n  o f  t h e  household in su res  s u f f i c i e n t  homogeneity 

SO t h a t  v a r i a b l e  values  f o r  common p r o p e r t i e s  can be measured. . *  - 

A l l  d a t a  a r e  a subs'et o f  a more general  class of  d a t a .  Data a r e  r e t r i e v e d  

o r  a new s e t  of d a t a  is  c rea t ed  by def in ing  a more r e s t r i c t i v e  phenomena dimension 

t o  source  da t a .  

p r o p e r t i e s  become f ixed  i n  va lue  r a t h e r  than v a r i a b l e .  

income wi th in  a s p e c i f i c  range, whose head has a s p e c i f i e d  occupation, and who 

Own two o r  more c a r s  a r e  a subse t  of  t he  o r i g i n a l  sample. 

By a more r e s t r i c t i v e  d e f i n i t i o n ,  fewer phenomena q u a l i f y .  More 

Thus, households having 

These households have 

a more s e l e c t i v e  d e f i n i t i o n .  

of housing u n i t s ,  def ined  by increas ing  t h e  p r o p e r t i e s  f a l l i n g  wi th in  t h e  phenomena 

dimension. 

S imi l a r ly ,  d i l a p i d a t e d  housing u n i t s  a r e  a subse t  

! '  

Lo c a t i o n  Dimension 

Most d a t a  of  i n t e r e s t  t o  u r b a n i s t s  have l o c a t i o n a l  p r o p e r t i e s .  

cons idera t ion  is  necessary f o r  ana lys i s  of  d a t a  t h a t  v a r i e s  by loca t ion .  

i n t e r e s t  and importance of  d a t a  on s p a t i a l l y  d i s t r i b u t e d  phenomena pose problems 

t o  geographers and u r b a n i s t s  t h a t  d i f f e r  from t h e  manipulation of  d a t a  f o r  

bus iness  and s c i e n t i f i c  app l i ca t ions .  

t i o n a l  p r o p e r t i e s .  

as a p r i n c i p a l  dimension. 

Spec ia l  

The 

Thus, t he  s p e c i a l  emphasis upon t h e  loca-  

This emphasis is r e f l e c t e d  by def in ing  loca t ion  dimension 

* 
The l oca t ion  dimension i s  a two-dimensional s p a t i a l  coord ina te  system t o  

, d e f i n e  p o s i t i o n s  on t h e  e a r t h ' s  su r f ace .  

census tracts, school  d i s t r i c t s ,  and count ies ,  a r e  i m p l i c i t l y  loca t ed  on a 

Al t e rna t ive ly ,  a r e a l  u n i t s ,  such a s  

s p a t i a l  su r f ace  by means of  codes r ep resen t ing  t h e  a r e a l  u n i t s  and a map f o r  

r e l a t i o n a l  pos i t i on .  For ana lys i s  o f  d a t a  t h a t  a r e  s p a t i a l l y  d i s t r i b u t e d ,  p rov i s ion  

* 
This  concept could be extended t o  t h r e e  dimensions. 
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1 

i 

I must b e  made t o  l e t  p o s i t i o n  o r  loca t ion  be  a v a r i a b l e  dimension. 

In add i t ion  t o  determining pos i t i on  wi th in  an a rea ,  t h e  loca t ion  dimension 
. . e  - 

may b e  used t o  def ine  t h e  s p a t i a l  e x t e n t  f o r  e l i g i b l e  phenomena. J u s t  as t h e  

phenomena dimension def ines  an e l i g i b l e  s e t  of  things,, t h e  loca t ion  dimension 

is used t o  de f ine  s p a t i a l  ex t en t .  

r e s t r i c t e d  t o  some f i n i t e  region.  

1 

6.  

For example, t h e  household t r a v e l  survey i s  

These d a t a  a r e  analyzed t o  determine t h e  aggre- 

g a t e  t r a v e l  behavior  of persons within t h i s  reg ion .  

first used t o  def ine  t h e  s p a t i a l  ex ten t  of d a t a  t o  some f i n i t e  reg ion .  

t o  say,  t h a t  t h e  households l i e  within t h e  boundaries of t h e  community o r  t raff ic  

zone being analyzed. 

The l o c a t i o n  dimension i s  

That i s  

- 

Becoming more preva len t  than before  i s  t h e  p r a c t i c e  of a s s o c i a t i n g  a unique 

coord ina te  p a i r  with each household observa t ion .  

t h e  e l i g i b l e  region enables  t h e  poin ts  i n  n-dimensional space t o  be represented  

as be ing  s p a t i a l l y  d i s t r i b u t e d  within t h e  e l i g i b l e  region.  

l oca t ion ,  t h e  loca t ion  dimension is e f f e c t i v e l y  subsumed i n  t h e  phenomena dimen- 

s ion .  

This i n  add i t ion  t o  def in ing  

Without unique 

A b ina ry  choice e x i s t s ,  phenomena are e i t h e r  w i th in  t h e  r eg ion  or no t .  

Restated,  t h e  loca t ion  dimension a r e  those  p r o p e r t i e s  t h a t  1) de f ine  s p a t i a l  

' e x t e n t  i n  which phenomena must l i e  t o  be e l i g i b l e  for observat ion,  and 2) l o c a t e  

phenomena wi th in  t h e  region.  

t h e  s tudy  area boundaries would comprise t h e  reg ion .  

Using t h e  household travel behavior survey example, 

Coding t h e  survey d a t a  

t o  q u a r t e r  square mile  zones would comprise t h e  l o c a t i o n  wi th in  t h e  reg ion .  The 

q u a r t e r  square  mile zones are used as aggregat ion u n i t s .  

d i s c r e t e  households, l oca t ion  p rec i s ion  t o  about t e n  f o o t  g r i d s  would be d e s i r a b l e .  

However, f o r  sample d a t a  t h e r e  is  l i t t l e  need t o  c a r r y  t h e  loca t ion  t o  anything 

less than q u a r t e r  square mile zones. A t  t h i s  l e v e l ,  t h e  sample i s  expanded and 

t h e  zone must be t r e a t e d  as being homogeneous. Where samples a r e  n o t  used and 

fu l l - coun t  d a t a  a r e  used, t h e  unique loca t ion  o f  t h i n g s  wi th in  a region a r e  observed 

and recorded. 

For unique loca t ion  of 

Rather than t r e a t i n g  a l l  observa t ions  wi th in  a zone as being 

s imi l ak ly  loca ted ,  l oca t ion  i s  a va r i ab le  which enables  p o s i t i o n a l  correspondence 
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I of d a t a  t o  t h e  r e a l  world. 

When phenomena, such as t h e  t r a v e l  behavior  d a t a ,  a r e  aggregated t o  q u a r t e r -  
. .. - square  mile zones o r  o the r  a r e a l  u n i t s ,  l oca t ion  becomes t h e  primary argument 

for querying these  d a t a .  

t h e  a rea .  

1 

Queries t o  these.  da t a  must, be r e l a t e d  t o  the  new e n t i t y - -  
, ' I  

For example, for quar t e r - sec t ions ,  what a r e  t h e  number of households 
1. 

possess ing  two c a r s .  Here t h e  a rea  o r  p lace  is  t h e  primary argument. 

Time Dimens ion 

An extremely important property of  d a t a  i s  t h e  t ime a t  which a set of  phen- 

Phenomena are observed during a time i n t e r v a l .  
, 

omena i s  observed. A f i l e  of  

d a t a  u s u a l l y  c o n s i s t s  of phenomena observed a t  e s s e n t i a l l y  t h e  same po in t  i n  time 

o r  observa t ions  upon t h e  same type  of phenomena a t  s e v e r a l  po in t s  i n  t ime. An 

example of  t h e  first type of  observat ion i s  counting veh ic l e s  o r  houses from an 

a e r i a l  photograph. The l a t t e r  type of observa t ions  is exemplified by a s e t  of 

d a t a  on t h e  annual number of motor v e h i c l e s  r e g i s t e r e d  i n  some area  over  a per iod  

of years .  An example of observat ions upon phenomena both simultaneously and 

s e r i a l l y  i s  populat ion f i g u r e s  f o r  each county of  a s t a t e  and f o r  a number of 

yea r s .  The e n t i t i e s  a r e  count ies  with p r o p e r t i e s  being y e a r l y  populat ion.  

Time is  an important p a r t  of  observing phenomena. Whereas a t h ing  o r  phen- 

omenon may endure through time an observat ion upon a th ing  captures  i t s  s t a t u s  a t  

a s p e c i f i c  t ime. Things change as time passes .  In  order  t o  desc r ibe  t h e s e  changes 

da t a  must be c o l l e c t e d  a t  var ious  times. 

t h e  same th ing  i n  two d i f f e r e n t  time pe r iods .  

One of t h e  main problems i s  t o  i d e n t i f y  
* 

This usua l ly  involves  a unique 

i d e n t i f i e r  a s soc ia t ed  with each thing.  A t  each observat ion po in t  t he  unique 

i d e n t i f i e r  allows r e l a t i n g  e n t i t i e s  from each set t h a t  correspond t o  t h e  same 

' th ings .  The problem i s  developed and d iscussed  a f t e r  fn t roduc t ion  of  d a t a  

. * 
See P a r t  I V ,  Chapter 8 f o r  a d i scuss ion  of  E n t i t y  Linkage. E n t i t y  l inkage  

is matching t h e  same ob jec t  from s e t s  of s e p a r a t e l y  c o l l e c t e d  da ta .  
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c a t e g o r i e s .  

The importance of t h e  t ime dimension depends on t h e  type  of phenomena 

being observed. 

q u i r e  more f requent  observa t ion  than s lowly changing phenomena. 

parking usage s t u d i e s  r e q u i r e  f requent  occupancy counts  t o  a c c u r a t e l y  d e p i c t  

Phenomena t h a t  r a p i d l y  change t h e i r  $ p r o p e r t i e s  obviously re- 

For example, 
t. 

usage.  On t h e  o t h e r  hand, annual land  age i n v e n t o r i e s  u s u a l l y  adequately r e -  

f l ec t  changes i n  land usage.  

c o l l e c t e d  over  a per iod  of  time, s a y  two t o  f o u r  months, and s t i l l  be  considered 

as being c o l l e c t e d  simultaneously,  f o r  t h e  purpose of  t r a n s p o r t a t i o n  planning.  

Even t h e  household t r a v e l  behavior  d a t a  can be  

The time dimension is  considered a p r i n c i p a l  dimension because t ime,  as 

does l o c a t i o n  and name, is  used t o  de f ine  a s e t  o f  observa t ions .  Th i s  s e t  

is  comprised of e n t i t i e s  r e s u l t i n g  from observing t h i n g s  having similar time 

p r o p e r t i e s .  

When d a t a  on phenomena, such as v e h i c u l a r  acc ident  records  o r  bu i ld ing  

permit  a p p l i c a t i o n s  are aggregated t o  i n t e r v a l s  o f  t i m e ,  time becomes t h e  p r i -  

mary argument for  qaerying these data.  

t o  t h e  new e n t i t y - - t h e  time i n t e r v a l .  

v e h i c u l a r  acc iden t s  have occurred. 

Queries t o  t h e s e  d a t a  must be  r e l a t e d  

For example, i n  a month, how many 

Here t h e  t ime i n t e r v a l  is  t h e  primary argument. 

Argument Hierarchy 

To b e t t e r  i l l u s t r a t e  t h e  importance of t h e  primary argument, a h i e ra rcha l  

concept of arguments i s  presented.  The argument h i e ra rchy  must r e l a t e  t o  a 

h i e ra rchy  grouping of  d a t a .  Data grouped i n  h i e r a r c h a l  f a sh ion  a r e  viewed as 

i l l u s t r a t e d  by t h e  t r e e  of Figure 3-1. 

. CASE CASE 
A B 

Locat i o n  Time 

Figure 3-1 Hierarchal  Grouping of Data 
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To access  d a t a  organized i n  h i e ra rcha l  groups the  arguments must be ordered 

i n  t h e  order  of  t h e  grouping hierarchy.  

below t h e  d a t a  universe  of  say  persons, a r e  l o c a t i o n a l  groupings.  

l o c a t i o n a l  groupings a r e  temporal groups and below th.ere a r e ,  s a y  age groups o f  

i n d i v i d u a l s .  To d i r e c t l y  access  e n t i t i e s ,  i . e .  i nd iv idua l  persons,  without an 

In  Case A of Figure 1, the  f irst  l e v e l  

Below t h e  a *  . 
, 

exhaust ive search ,  t h e  arguments must be expressed i n  order  of t h e  grouping h i e r -  

archy-- locat ion,  time and age f o r  Case A and time, l oca t ion  and age f o r  Case B. 

TvDe of  Content Data 

Above, d a t a  a r e  c l a s s i f i e d  as conten t  da t a  and p lace  da t a .  Here, content  
\. 

d a t a  a r e  subdivided i n t o  ob jec t  slices, events ,  a c t i v i t i e s ,  and t r a n s a c t i o n s .  

These d a t a  are c l a s s i f i e d  and d is t inguished  by t h e i r  s p a t i a l  and temporal charac- 

terist ics.  The p r i n c i p a l  dimensions--phenomena dimension, l oca t ion  dimension, and 

time dimension--provide t h e  b a s i s  f o r  t h i s  c l a s s i f i c a t i o n .  Pr imar i ly ,  t h e  loca- 

t i o n  dimension and time dimension enable  d i s t i n c t i o n s  t o  be  drawn between var ious  

da t a .  These d a t a  a r e  ca tegor ized  and d i f f e r e n t i a t e d  by t h e  p r i n c i p a l  dimensions. 

1. An o b j e c t  s l ice  is  an observa t ion  a t  a po in t  i n  t ime upon 

some phenomena s i t u a t e d  i n  space. 

observat ions on persons,  vehic les ,  s t r e e t  segments, ownerships, 

Examples of ob jec t  s l i c e s  a r e  

households, l i c e n s e s ,  and output from image processing ( i n t e r p r e t e d  

o b j e c t s ) .  

of phenomena a t  a po in t  i n  time. 

inventory  is taken of some phenomena. 

Object s l ice  da ta  capture  t h e  s t a t u s  of a s e l e c t e d  s e t  

Through ob jec t  s l ice  data ,  an 

S u b c l a s s i f i c a t i o n  o f  ob jec t  s l i c e  d a t a  appears i n  a 

Additional c l a s s i f i c a t i o n  i s  necessary t o  fol lowing s e c t i o n .  

organize t h e  mult i tude of  things t h a t  a r e  observable  and t h a t  f a l l  

wi th in  t h e  genera l  de f in i t i on  o f  o b j e c t  s l i c e .  

c l a s s i f i c a t i o n  i s  the  need f o r  r u l e s  f o r  i d e n t i f y i n g  t h e  same 

o b j e c t  observed i n  two d i f f e r e n t  time per iods .  

Related t o  t h i s  
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2 .  Events a r e  occurrences i n  time and space.  Examples of 

events are auto acc idents ,  bui lding permit appl ica t ions ,  zoning 

. *  - variance approvals,  and pol ice  and f i r e  c a l l s .  

Event d a t a  a r e  a c o l l e c t i o n  of observat ions on occur- 

rences .  The events themselves a r e  occurrences i n  time. The 

c o l l e c t i o n  of events  comprise a f i l e  o r  set .  

for a time period,  e.g. ,  t h e  vehic le  acc idents  a t  some l o c a t i o n  

over the  pe r iod  of a year .  

This c o l l e c t i o n  is  

Event d a t a  e n t i t i e s  a r e  observat ions 

upon d i s c r e t e  occurrences and a r e  s t o r e d  and analyzed as col -  

l ec t ions  of occurrences within a time per iod .  

3 .  A c t i v i t i e s  are cumulative occurrences at a l o c a t i o n  f o r  

a s p e c i f i e d  dura t ion .  

annual r e t a i l  s a l e s  of an establishment and hour ly  v e h i c l e  a r r i v a l s  

a t  a loca t ion .  Annual r e t a i l  sales a r e  t h e  cummulation o f  i n d i -  

vidual  sales o r  events .  A c t i v i t i e s  a r e  a l s o  processes ,  t a sks ,  o r  

p r o j e c t s .  Examples of t a s k s  o r  processes  a r e  c h a r a c t e r i s t i c s  o f  

a cons t ruc t ion  p r o j e c t ,  of a p r i n t i n g  job, o r  o f  any undertaking 

or  a c t i o n  having a durat ion.  

Examples of cumulative occurrences are, t h e  

A c t i v i t y  d a t a  a r e  c h a r a c t e r i s t i c s  of phenomena t h a t  occur 

over a pe r iod  of t ime a t  a point  o r  i n  a region.  An a c t i v i t y  is  

accomplished o r  takes  p l ace  

durat ion.  

4. A t r a n s a c t i o n  i s  a 

These flows take  place over  

and t h i s  process  has an a s soc ia t ed  

movement o r  flow between two p o i n t s .  

some time pe r iod  o r  dura t ion .  Examples 

of t r a n s a c t i o n s  a r e  vehicular  flows betweeen two p o i n t s ,  person 

movements between two poin ts ,  and commodity and f i n a n c i a l  f lows. 

Transaction d a t a  are observat ions on movements of t h ing ( s )  

between two p o i n t s  o r  regions.  The e n t i t i e s  i n  t h i s  system may 
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, c o n s i s t  of  i nd iv idua l  th ings  moving from an o r i g i n  t o  a d e s t i n a t i o n ,  or a s e t  of 

o r i g i n - d e s t i n a t i o n  combinations with flow c h a r a c t e r i s t i c s  between them. 

. .*  
. *  

Tracing Phenomena Through Time Using  Object S l i c e  Data I 

Inventor ies  or ob jec t  s l i c e  data  a r e  very  common;^ Often t h e r e  i s  a need t o  

t r a c e  phenomena through time us ing  ob jec t  s l i c e  d a t a .  

d a t a  a r e  not  very s u i t a b l e  f o r  t h i s ,  t h e r e  i s  o f t e n  no o the r  choice.  

Although ob jec t  s l i c e  

E s s e n t i a l l y ,  

t h e  process  involves  l inkage of t he  same phenomena a s  two s e p a r a t e l y  c o l l e c t e d  

d a t a  sets, i .e .  time s l i c e s .  The means f o r  performing t h i s  l inkage depends on 

t h e  type  of  phenomena. Phenomena t h a t  a r e  s ta t ic  can be l inked  by a l o c a t i o n a l  

argument, whereas a dynamic phenomena r e q u i r e  unique i d e n t i f i e r s  t o  enable  l inkage  

of  t h e  same ind iv idua l  o r  ob jec t  from two d i f f e r e n t  d a t a  s e t s .  
* 

Observations on t h e  d i f f e r e n t  types of phenomena may take  var ious  forms. 

An image or photograph r ep resen t s  ob jec t  s l i c e  d a t a  most accu ra t e ly  with r e spec t  

i .  

t o  t ime. 

I n t e r p r e t a t i o n  i s  the  s e l e c t i o n  of p a t t e r n s  possessing s p e c i f i e d  c h a r a c t e r i s t i c s .  

Yet ob jec t s  must be i d e n t i f i e d  through an i n t e r p r e t a t i o n  process .  

These p a t t e r n s  a r e  then said t o  represent  a p a r t l e l r l a r  kind of  o b j e c t s .  

S t a t i c  Phenomena 

When comparing s t a t i c  phenomena, such a s  s t r e e t s ,  a t  two po in t s  i n  t ime,  and 

i d e n t i c a l  p a t t e r n s  a r e  found at the  same loca t ion ,  t h e  p a t t e r n s  a r e  assumed t o  

r ep resen t  t h e  same ob jec t .  This assumption is  reasonably v a l i d  as long as t h e  

time i n t e r v a l  between images i s  sho r t  enough t o  p r o h i b i t  t h e  demolit ion of  one 

o b j e c t  and t h e  cons t ruc t ion  of another .  Natura l ly ,  t h e  maximum al lowable t ime 

interval v a r i e s  according t o  t h e  kind o f  f i x e d  ob jec t  being observed. 

a b l e  t ime i n t e r v a l  f o r  a tree would be longer  than  t h a t  f o r  a bu i ld ing .  

The allow- 

Replacing 

* 
E n t i t y  l inkage i s  discussed i n  g r e a t e r  d e t a i l  i n  Part I V ,  Chapter 8. 
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a t r e e  with one o f  similar size,  would take  a number of years  f o r  growth. 

b u i l d i n g s  can be  demolished and replaced wi th in  a year .  

o b j e c t s  observed a t  the  same loca t ion  i n  both time t and time t + 1 a r e  assumed 

t o  be  i d e n t i c a l ,  o r  t h e  same object ,  

Most , 

In  summary, f i xed  
* * .  

I t  i s  f u r t h e r  assumed t h a t '  the  o b j e c t  

e x i s t e d  th roughouf , the  time i n t e r v a l  t t o  t + 1, t h a t  is, i f  t h e  time i n t e r v a l  i s  

l e s s  than t h e  maximum allowable i n t e r v a l  f o r  t h a t  k ind  of f i x e d  ob jec t .  

Dynamic Phenomena c 

Using o b j e c t  s l i c e  data ,  dynamic phenomena can only be t r a c e d  through time 

For example, a v e h i c l e  observed a t  l o c a t i o n  if they  a r e  uniquely i d e n t i f i a b l e .  

2, time t, cannot be assumed t o  be a t  l o c a t i o n  R a t  time t + 1, where one u n i t  

of time is  s u f f i c i e n t  t o  move t h e  vehic le .  

t i m e  t. 

it i s  p o s s i b l e  f o r  a v e h i c l e  t o  move a d i s t a n c e  r i n  one time u n i t ,  t h e  area 

T r 2  centered on R must be scanned looking f o r  v e h i c l e  v .  

Given v e h i c l e  v, s i t u a t e d  a t  R a t  

A t  time t + 1 v e h i c l e  v can only be found by a unique i d e n t i f i e r .  If 

In genera l ,  dynamic phenomena must be  uniquely recognizable i n  order  t o  

Object s l i c e  d a t a  captures  trace them through time us ing  object  s l ice  da ta .  

t h e  c h a r a c t e r i s t i c s  of phenomena a t  a poin t  i n  t i m e .  

it must be i d e n t i f i e d  i n  two time periods.  

t h e  assumption i s  t h a t  it has  moved d i r e c t l y  from p o i n t  R t o  p o i n t  R'. 

To t r a c e  dynamic phenomena 

If the  o b j e c t  has changed p o s i t i o n  

Although o b j e c t  s l i c e  d a t a  a r e  most e a s i l y  v i s u a l i z e d  as imagery they can 

appear i n  o t h e r  forms as well. Inventor ies  and many record keeping systems a r e  

. o b j e c t  s l ice  da ta .  These capture  the  s t a t u s  at  a poin t  i n  time. 

records the  s tock  on hand a t  a given t ime. 

an inventory of l i v i n g  ob jec t s .  

f i les ,  are updated p e r i o d i c a l l y ,  whether it be d a i l y  o r  monthly. 

S imi la r ly ,  t h e  Census 

Record-keeping systems, such as 
* 

An inventory 

of Population i s  

v e h i c l e  l i c e n s e  

Annually, t h e  

* 
The lack of unique i d e n t i f i c a t i o n  p r o h i b i t s  t r a c i n g  ind iv idua l  family 

u n i t s .  Only aggregat ive measures of migra t ion  a r e  p o s s i b l e .  
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d f i l e  is completely updated using new veh ic l e  l i c e n s e  app l i ca t ions .  

t he  records  at tempt  t o  capture'. 

Such a f i l e  

, can be  considered in image o r  inventory of t h e  cu r ren t  s t a t u s  of t h e  phenomena 

! I  

- .. - 
I 

Imagery is l i t t l e  used t o  t r ace  human movements except f o r  i s o l a t e d  s t u d i e s  
' ' I  

I 

of  small s p a t i a l  areas. Tracing person movements i s  of two types--micro-movements 

o r  macro-movements. Micro-movements a r e  a persons movements t o  and from work, 

shopping, school ,  etc. The aggregate d a i l y  flow of persons are da ta  o f  i n t e r e s t  

t o  t r a n s p o r t a t i o n  planners .  

form. Rather t hese  da t a  a r e  i n  the  form of  flow or t r a n s a c t i o n  da ta .  On t h e  

These d a t a  a r e  no t  u s u a l l y  c o l l e c t e d  i n  ob jec t  s l i c e  

o t h e r  hand, macro-movements are movements such as change o f  res idence,  work 

p l ace ,  l o c a l i t y ,  or region.  

Data Organization 

. 

E f f i c i e n t  and f l e x i b l e  organiza t ion  of  spa t ia l - tempora l  da t a  is  t h e  key t o  

development of  meaningful information system c a p a b i l i t i e s  for applying s p a t i a l  

d a t a  t o  urban a n a l y s i s .  I t  i s  e s s e n t i a l  t h a t  d a t a  be organized i n  a form t h a t  

enables  t ransformations t o  be made i n  response t o  a v a r i e t y  of needs or demands. 

Both a f l e x i b l e  form of  d a t a  and a c a p a b i l i t y  t o  manipulate d a t a  must e x i s t .  

Data organiza t ion  needs a r e  l a rge ly  underemphasized, y e t  it i s  important 

t h a t  d a t a  be organized t o  increase  t h e i r  u t i l i t y .  

forms capable  of  responding t o  a wide v a r i e t y  o f  ques t ions  and capable of  t r a n s -  

Data should be organized i n  

formation t o  a v a r i e t y  of ana lys i s  forms. 

A t u t o r i a l  d i scuss ion  of da t a  organiza t ion  i s  presented  i n  Part I V ,  Chapter 

9. 

s t r u c t u r e s ,  and a s s o c i a t i v e  memories. I t  a l s o  sugges ts  means of organiz ing  

This d i scuss ion  provides  a background i n  f i l e  search ing ,  da t a  redundancy, l i s t  

s p a t i a l  da t a .  

Essen t i a l ly ,  t h e  need is  t o  respond t o  demands. These demands r e l a t e  t o  

phenomena, l oca t ion ,  and time. Questions concerning phenomena s p e c i f y  l o c a t i o n s  

and t ime. Var ia t ions  t o  quest ions are formed by l e t t i n g  phenomena, l o c a t i o n  
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and/or time be  v a r i a b l e .  

one, two, o r  t h r e e  of  t h e  dimensions be v a r i a b l e  and t h e  remainder f i x e d  o r  

s p e c i f i e d .  For example, by l e t t i n g  phenomena be  unknown, one can ask--What 

A wide v a r i e t y  of ques t ions  may be posed by l e t t i n g  

.’ - 

phenomena a r e  a t  l o c a t i o n  R during t ime i n t e r v a l  At?. By l e t t i n g  phenomena and 

l o c a t i o n  be unknowns, one can ask--What phenomena move from l o c a t i o n  R t o  a l l  

o t h e r  l oca t ions  during t ime i n t e r v a l  At? 

The problem is  t o  t r a n s l a t e  quest ions such as these  t o  que r i e s  t h a t  r e l a t e  

t o  a v a i l a b l e  o r  ob ta inable  da t a .  Chapter 4 i s  concerned with t h i s  problem. 
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CHAPTER 4. QUESTIONS AND QUERIES. 

1 

. .  

' . I  In t roduct ion  1. 

Providing answers t o  quest ions d i r e c t e d  t o  an information system r e q u i r e s  

t h e  ques t ions  be expressed i n  a form r e l a t a b l e  t o  da t a .  

i n  d a t a  r e l a t a b l e  form is  defined a s  a query. 

Expression of a quest ion 

Whereas a ques t ion  i s  a u s e r ' s  

expression of  need, a query i s  a t ransformation of t h i s  ques t ion  t o  s e l e c t i o n  

cri teria.  F i r s t ,  an appropr i a t e  s e t  of d a t a  i s  s e l e c t e d  by t h e  query, then 

appropr i a t e  e n t i t i e s  a r e  s e l e c t e d  from t h i s  set .  A query is  merely an imperat ive 

s ta tement  t h a t  reques ts  d a t a  s a t i s f y i n g  some s p e c i f i e d  c r i t e r i a .  

In  u t i l i z i n g  an information system, t h e  b a s i c  problem is  t o  t r a n s l a t e  

ques t ions  t o  que r i e s .  The u s e r  expresses t h e  ques t ion .  The information system 

t r a n s l a t e s  this quest ion t o  a query o r  set of que r i e s  which select d a t a  t o  pro- 

v ide  an adequate response t o  t h e  o r i g i n a l  ques t ion .  

d a t a  provides only a p a r t i a l l y  s a t i s f a c t o r y  answer. 

answer is input  t o  a s u b j e c t i v e  human process  t o  answer t h e  i n i t i a l  ques t ion .  

I t  may be t h a t  t h e  a v a i l a b l e  

In t h e s e  cases ,  t h e  p a r t i a l  

The statement  t h a t  t h e  information system t r a n s l a t e s  t he  ques t ion  t o  a 

query does n o t  n e c e s s a r i l y  imply the  process  is  automated. Viewing an i n f o r -  

mation system as a man-machine system, t r a n s l a t i o n  may be a human process ,  i . e . ,  

an e s s e n t i a l  p a r t  of an information system is a ques t ion  t r a n s l a t i n g  t echn ic i an .  

The l o g i c a l  process  of r e t r i e v a l  is i l l u s t r a t e d  i n  Figure 4-1. 

merely d i f f e r e n t i a t e s  between t h e  u s e r  and system. 

This process  

I t  does no t  s p e c i f y  t h a t  

elements of t h e  systems a r e  automated. 

As i l l u s t r a t e d  i n  Chapter 3, d a t a  a r e  of d ive r se  types. Re t r i eva l  of  t hese  

d a t a  n e c e s s i t a t e s  a f l e x i b l e  query system t h a t  enables  access ing  d a t a  by spec- 

i f i c a t i o n  of p r i n c i p a l  dimensions--phenomena, l oca t ion ,  and time, and s e l e c t i o n  
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f of e n t i t i e s  by spec i fy ing  va lues  f o r  p r o p e r t i e s .  Thus, a genera l  query capa- 
* 

, b i l i t y  is des i r ed  r a t h e r  than concentrat ing on t r a n s l a t i o n  of n a t u r a l  language 
** 

ques t ions  f o r  a r e s t r i c t i v e  cl&s of da ta .  A gene ra l i zed  d a t a  handl ing o r  . *  - 
. I  

I 

query c a p a b i l i t y  i s  r e a l i z a b l e  i n  t h e  s h o r t  run, whereas a ques t ion  answering 

system is a longer  range t a sk .  
' . I  

4. 

Questions 

Statements a r e  transformed i n t o  ques t ions  by means of t h e  ques t ion  mark, 

i n tona t ion ,  and t h e  rearrangement of s u b j e c t .  

words--who, why, where--are used t o  spec i fy  t h e  na tu re  of t h e  des i r ed  answer. 

The ques t ion  i t s e l f  c o n s i s t s  o f  two elements.  One d e l i n e a t e s  a s e t  of  a l t e r -  

n a t i v e s  which inc lude  t h e  answer and t h e  o t h e r  reques ts  a p a r t i c u l a r  subse t  

of t h e s e  a l t e r n a t i v e s  [4]. 

In  add i t ion ,  s p e c i a l  ques t ion  

The set of  a l t e r n a t i v e  elements may be d i s j u n c t i v e ,  i .e.,  o f f e r s  a choice 

between yes and no o r  t r u e  and f a l s e .  

a l t e r n a t i v e .  

answered yes o r  no. 

veh ic l e s ,  t h e  i d e n t i f i c a t i o n  of t h o s e  wi th in  t h e  i n t e r s e c t i o n .  In  add i t ion ,  

ques t ions  with b u i l t - i n  assumptions such as "1s t h e  i n t e r s e c t i o n  s t i l l  con- 

The r eques t  is  t o  choose t h e  c o r r e c t  

For example, "Is the  i n t e r s e c t i o n  c l e a r  of vehic les?"  can be  

"Who is i n  t h e  i n t e r s e c t i o n ? "  reques ts ,  from a l l  p o s s i b l e  

gested?" o r  "1s t h e  i n t e r s e c t i o n  s t i l l  empty?" are o f t en  posed. 

t h i s  type assume a previous condi t ion o r  assume t h a t  a term, such as llcongestedlt 

is unambiguous. 

Questions o f  

Questions of concern f o r  ana lys i s  of urban systems 

of o b j e c t s ,  events ,  a c t i v i t i e s ,  and flows t h a t  e x i s t  i n  

r e l a t e  t o  c h a r a c t e r i s t i c s  

urban reg ions .  In  

* 
' 

Chapter 5. 
A query language possessing these  c h a r a c t e r i s t i c s  i s  presented  i n  P a r t  111, 

- 
**Question-answering systems t h a t  have been developed only dea l  with small 

subse t s  of English and what d a t a  of l i m i t e d  v a r i a b i l i t y .  
Green 131 f o r  examples of r e t r i e v i n g  information v i a  n a t u r a l  language ques t ions .  
See Simmons [4] f o r  a d e t a i l e d  review of  experimental  English language ques t ion-  
answering computer systems. 

See Farrell [2] and 
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add i t ion ,  t h e r e  are ques t ions  as t o  phenomena c h a r a c t e r i s t i c s  i n  a p l ace  o r  time 

i n t e r v a l .  In  genera l ,  t h r e e  c lasses  of ques t ions  may be i d e n t i f i e d .  One class 
. . e  - 

r e l a t e s . t o  phenomena, where t h e  phenomena dimension 

t h e  second relates t o  phenomena, where t h e  loca t ion  

argument; and t h e  ‘ t h i r d  r e l a t e s  t o  phenomena, where 

p r i n c i p a l  argument. 

* * a  

is  the  p r i n c i p a l  argument; 

dimension i s ’  t h e  p r i n c i p a l  

t h e  t ime dimension is  t h e  

S ince  t h i s  s tudy  is  not  concerned with automatic quest ion answering system, 

l i t t l e  formal iza t ion  of ques t ions  themselves i s  necessary.  Rather,  t h e  concern 

is  wi th  formulat ing que r i e s .  

Queries 

A query was def ined  above as a ques t ion  i n  a 

a ques t ion  t o  da ta ,  transforms t h e  ques t ion  t o  an 

p e r a t i v e  command s p e c i f i e s  t h e  s e l e c t i o n  of a set 

form r e l a t a b l e  t o  da ta .  Rela t ing  

imperat ive command. The i m -  

of  e n t i t i e s  o r  f i le(s) ,  and 

selects e n t i t i e s  possessing s p e c i f i e d  c h a r a c t e r i s t i c s  from t h e  s e t .  

A t  t h e  first l e v e l ,  a query is d i r e c t e d  t o  a s e t  of d a t a .  By t h e  sub jec t  

With a matter of t h e  ques t ion ,  a query i s  f o m u l a t e d  t o  a given da ta  set .  

ques t ion  r e l a t i n g  t o  condi t ion  of housing, a query is  d i r e c t e d  t o  p l aces  whose 

c h a r a c t e r i s t i c s  are housing condi t ions o r  t o  a f i l e  of c h a r a c t e r i s t i c s  of  houses.  

If a quest ion i s  posed f o r  which da ta  a r e  no t  a v a i l a b l e ,  a query cannot be form- 

u l a t e d .  
‘ 

A t  t h e  second l e v e l  of query formulation, i s  t h e  s p e c i f i c a t i o n  of  subse t s  

o r  s u b f i l e s  of da t a .  Urban d a t a  are  of ten  p a r t i t i o n e d  i n t o  subse t s  according 

t o  l o c a t i o n a l  and temporal c h a r a c t e r i s t i c s .  For example, l i k e  da t a  a r e  o f t e n  

organized i n t o  f i les  according t o  c i t y ,  s t a t e  o r  o t h e r  a r e a l  u n i t s ,  and a r e  

organized i n t o  f i les  by year ,  month, day, o r  o t h e r  . temporal groupings. Speci-  

f i c a t i o n  of  t hese  loca t iona l  and temporal p r o p e r t i e s  t h a t  a r e  used t o  organize 

d a t a  i n t o  f i les  enables t h e  s e l e c t i o n  of a more appropr ia te  s e t  of a l t e r n a t i v e s .  
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This  second l e v e l  of  query formulation i s  of  g r e a t  importance when d a t a  a r e  

organized by phenomena dimension and s u b f i l e s  e x i s t  f o r  var ious  va lues  of t h e  

l o c a t i o n  and time dimensions. 

p resented  a s  p a r t  of  Quest i n  Part 111, Chapter 5 .  A more d e t a i l e d  d iscuss ion  of 

grouping da ta  i n t d p p a t i a l - t e m p o r a l  sets is  a l s o  presented  i n  Part 111, Chapter 6 .  

. .*  - 
Means of  formulat ing t h e s e  types of que r i e s  are 

c *, 

h e  t h e  appropr ia te  f i l e  o r  s u b f i l e  i s  se l ec t ed ,  e n t i t i e s  may be s e l e c t e d .  

S e l e c t i o n  o f - e n t i t i e s  may be according t o  l o c a t i o n a l ,  temporal o r  o t h e r  cri teria.  

However, t h e  means of  s e l e c t i o n  a re  e s s e n t i a l l y  t h e  same. A query, as an imper- 

a t i v e  s ta tement ,  calls f o r  s e l e c t i n g  e n t i t i e s  from appropr ia te  f i l e ( s ) .  A query 

s p e c i f i e s  c h a r a c t e r i s t i c s  t h a t  an e n t i t y  must possess  t o  be s e l e c t e d .  

ter is t ics  a r e  s p e c i f i e d  by def in ing  al lowable value ranges f o r  p r o p e r t i e s  and 

r e l a t i o n s h i p s  between p r o p e r t i e s .  

Charac- 

For example, s e l e c t i o n  of households posses- 

s i n g  c h a r a c t e r i s t i c s  of  owning two o r  more ca r s ,  income of g r e a t e r  than $10,000 

p e r  year ,  and family size of equal t o  o r  less than th ree .  

i n t e r e s t  are number of c a r s  owned, t o t a l  family income, and family s i z e .  

The p r o p e r t i e s  of  

The 

va lue  l i m i t s  f o r  t hese  p r o p e r t i e s  a r e  s p e c i f i e d  and t h e  r e l a t i o n s h i p  between 

t h e s e  p r o p e r t i e s ,  i n  t h i s  case a l l  must be s a t i s f i e d .  I n  computer programming 

such a s e l e c t i o n  c r i t e r i o n  is e a s i l y  set up as a Boolean expression wi th in  an 

I F  s ta tement .  

F ina l ly ,  t h e  e n t i t i e s  s e l e c t e d  by t h e  query must be i d e n t i f i e d .  This may 

be done by d i r e c t  repor t ing ,  o r  some manipulation o r  processing of  t hese  s e l e c t e d  

e n t i t i e s  may be des i r ed .  Discussion of  manipulation, modif icat ion,  and output 

a l t e r n a t i v e s  a r e  l e f t  t o  t h e  d iscuss ion  of  Quest i n  Part 111, Chapter 5 .  

More complex que r i e s  are necessary when ques t ions  a r e  posed as t o  t h e  

r e l a t i o n s h i p  between p laces  or phenomena. 

que r i e s  d i r e c t e d  t o  da t a  on r e l a t ionsh ips  such a s  t r a n s a c t i o n  da ta .  

d a t a  does not  e x i s t  f o r  many r e l a t i o n s h i p s .  

Such ques t ions  may be t r a n s l a t e d  t o  

However, 

Rela t ionships  must b.e i n f e r r e d  from 

comparing p l aces ,  ob jec t s ,  o r  by l ink ing  d a t a  r e l a t i n g  t o  t h e  same o b j e c t  a t  two 



* 
I p o i n t s  i n  time o r  from two sepa ra t e ly  co l l ec t ed  d a t a  f i l e s .  For example, t h e  

r e l a t i o n s h i p  between t h e  c h a r a c t e r i s t i c s  of school ch i ld ren  and family compo- 

s i t i o n  c h a r a c t e r i s t i c s  might be der ived by d i r e c t i n g  que r i e s  t o  a f i l e  of  school 

age ch i ld ren  and t o  a f i l e  of c h a r a c t e r i s t i c s  on families, matched on last  name 

and s t r e e t  address .  

. .. ~ 

. I  

L 

* ‘ I  
1. 

Given t h e  s t a t e - o f - t h e - a r t  of automatic question-answering systems, as 

reviewed by Simmons [4 ] ,  f l e x i b l e  question-answering systems do not  appear 

imminent. Well defined and o f t e n  asked ques t ions  may be automated, bu t  the  t a s k  

of accessing d a t a  i n  unant ic ipa ted  ways i s  beyond p resen t  automated ques t ion-  

answering c a p a b i l i t i e s .  Thus, t he  e f f o r t  of t h i s  s tudy  i s  t o  develop a query 

answering c a p a b i l i t y .  

t o  que r i e s  i s  a human process .  

A t  t h i s  s t age  of technology, t r a n s l a t i o n  of ques t ions  

Considerably more s tudy  of t r a n s l a t i o n  of  ques- 

t i o n s  t o  que r i e s  i s  necessary before  automating t h e  process .  

here .  

da t a .  

I t  is  no t  done 

Rather, t h e  next  chapter  descr ibes  a language t o  query spa t ia l - tempora l  

* 
See Part IV,  Chapter 8 f o r  a d iscuss ion  of  e n t i t y  l inkage.  
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